SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT I, YOSHIKI YOSHIDA , a citizen 
of Japan residing at Kanagawa, Japan have invented 
certain new and useful improvements in 

IMAGE FORMING APPARATUS , AN OPTICAL SCANNING APPARATUS 
AND AN IMAGE FORMING METHOD 



of which the following is a specification:- 



-2- 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to 
image forming apparatuses and, more particularly, to an 
5 image forming apparatus using electrophotography such as 
a laser printer equipped with an optical scanner using a 
laser, a digital copy machine or a facsimile machine. 

2. Description of the Related Art 
Conventionally, there is a laser beam method 

10 as one of methods with which an image forming apparatus 
forms a visible image. . According to the laser beam 
method used in an image forming apparatus, an optical 
scanning apparatus irradiates a laser beam onto a 
photoconductor (a medium to be scanned) so as to form an 

15 image. 

A description will be given below, with 
reference to FIG. 1, of an image forming operation 
performed by an image forming apparatus using a 
conventional laser beam method. FIG. 1 is an 

20 illustration for explaining an image forming operation 
performed by an image forming apparatus using a 
conventional laser beam method. 

In the image forming apparatus, an electric 
charger (not shown in the figure) such as a roller-type 

25 contact charger uniformly charges a photoconductor. A 
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laser light source irradiates a laser beam onto a 
rotating polygon mirror (rotational polygon mirror) . 
The polygon mirror deflects periodically the laser beam 
projected from the laser light source. The laser beam 
5 passes through a f0 lens and scans a surface of the 
photoconductor in a main scanning direction while the 
photoconductor is moving or rotating in a sub-scanning 
direction. Static electricity in portions of the 
surface of the photoconductor onto which the laser beam 

10 is irradiated is removed by the laser beam, thereby 

forming a pattern of static electricity (electrostatic^ 
latent image) on the surface of the photoconductor. 

It should be noted that a controller (not 
shown in the figure) sends image data corresponding to 

15 each page to a laser drive circuit as an image signal 

(video signal) on an individual line (one scanning line) 
basis. Then, the laser drive circuit performs a 
modulating operation by outputting the image signal to 
the laser light beam in synchronization with a pixel 

20 clock (write clock) . The pixel clock is supplied to the 
laser drive circuit from a pixel clock generating 
circuit (not shown in the figure) via a phase 
synchronization circuit (not shown in the figure) . The 
pixel clock generating circuit and the phase 

25 synchronization signal constitute image clock generating 
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means and phase setting means. 

A description will now be given, with 
reference to FIG. 2, of a relationship between the pixel 
clock and the phase change (phase setting) of the pixel 
5 clock. FIG. 2 is a timing chart showing a relationship 
between a conventional pixel clock and a phase change 
thereof . 

A pixel clock generating circuit generates and 
outputs a pixel clock clkw in synchronization with a 

10 synchronization detection signal supplied by a 

synchronous detection sensor. The pixel clock clkw is 
generated from a reference clock clko (an original clock 
generated by an oscillator (not shown in the figure) ) , 
which is n times (four times in FIG. 2) of the frequency 

15 of the pixel clock clkw, by toggling the reference clock 
clko to a high level (H) and a low level (L) at each 4 
pulses of clko according to a counting control. In the 
above-mentioned optical scanning apparatus, when forming 
beam spots of the laser beam on the surface to be 

20 scanned so as to write an electrostatic latent image, 
the write density of the beam spots is adjusted to be 
uniform . 

However, if an environmental fluctuation such 
as a temperature change, etc. arises in the atmosphere 
25 of the fG lens, the f0 lens is distorted, which results 
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in a change in an index of refraction. Additionally, if 
an environmental fluctuation such as a temperature 
change, etc. arises in the atmosphere of the laser light 
source, the wavelength of the laser beam emitted by the 
5 laser light source is changed. Therefore, the f9 lens 
is configured and arranged to refract the laser beam at 
a predetermined angle according to the wavelength of the 
laser beam incident thereon. For this reason, as shown 
in FIG. 1, an error occurs in the refractive angle of 

10 the laser beam incident on the fO lens. Such an error 
in the refractive angle causes an error in a write 
magnification per one main scanning period of the laser 
beam by the polygon mirror, which may give an undesired 
influence to an output image. In order to eliminate 

15 such an undesired influence, a phase change to shift the 
phase of the pixel clock clkw is performed so as to 
correct the write magnification of the laser beam. 

In the above-mentioned optical scanning 
apparatus, the pixel clock generating circuit performs a 

20 phase control using an external pulse train xpls so as 
to perform the phase change to shift the phase of the 
pixel clock clkw. There are two kinds of pulse train as 
the external pulse train xplsp, one is an external pulse 
train xplsp for advancing the phase of the pixel clock 

25 clkw and the other is an external pulse train xplsm for 
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delaying the phase of the pixel clock clkw. For example, 
in a case in which the pixel clock clkw is generated 
from the reference clock clko, the pixel clock clkw, 
which is usually generated with 8 pulses of clko, is 
5 generated with 9 pulses of clko or 7 pulses of clko by 
increasing or decreasing the number of count of the 
pulses of the external pulse train xplsp or xplsm. By 
changing the number of counts by increasing or 
decreasing the number of counts, the frequency of the 

10 pixel clock clkw is made 8/7 times (an advance control) 
or 8/9 times (a delay control) , which can shift the 
pixel clock clkw after the phase change. This provides 
an effect in view of one main scanning line that an 
entire magnification is increased or decreased as Tm-7/8 

15 (advancing control) or Tm+9/8 (delay control) , where Tm 
is a total time of main scanning of one line. Thus, the 
optical scanning apparatus can form an image on a 
desired position on the photoconductor without being 
influenced by the environment fluctuation. 

20 Moreover, the pixel clock generating circuit 

is provided with a pulse generating circuit which 
generates the above-mentioned external pulse train xpls. 
The pulse generating circuit generates the external 
pulse train (hereinafter, may be simply referred to as 

25 pulses) xpls in response to positions at which the phase 
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change is to be applied to the pulse train of the pixel 
clock clkw. 

A description will now be given, with 
reference to FIG. 3, of an operation of generating the 
5 external pulse train by the pulse generating circuit. 
FIG. 3 is a block diagram of a conventional pulse 
generating circuit . 

The pulse generating circuit shown in FIG. 3 
comprises comparators 1001 and 1002 and counters 1003 
10 and 1004. 

In the pulse generating circuit, a pulse 
generation interval (period) is set to the comparator 

1001 and a pulse number num is set to the comparator 

1002 by an engine CPU (not shown in the figure) so as to 
15 perform the following operation when one scan of a laser 

beam is performed in the main scanning direction by the 
polygon mirror. 

The counter 1003 starts a counting operation 
to count a number of pulses of the pixel clocks clkw 

20 (count value i) in accordance with an input of a clear 
signal xlclr generated from a synchronization detection 
signal by a circuit, which is not shown in the figure, 
at a time of input of the clear signal xlclr as a 
reference, and stops the counting operation when a stop 

25 signal is supplied by the comparator 1002. The 
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comparator 1001 compares the count value i of the 
counter 1003 with the previously set pulse generation 
interval (hereinafter, may be referred to as a setting 
value) prd, and generates the pulse xpls each time the 
5 count value i reaches the setting value prd. The 

counter 1004 counts the number (count value j) of the 
pulses xpls generated by the comparator 1001. The 
comparator 1002 compares the count value j of the 
counter 1004 with the previously set pulse number 

10 (hereinafter, may be referred to as a setting value) num, 
and generates the stop signal when the count value j 
reaches the setting value num. 

FIG. 4 is a flowchart of an operation of the 
pulse generating circuit shown in FIG. 3. A description 

15 will now be given, with reference 3 to FIGS. 3 and 4, of 
an operation of generating the external pulse train xpls 
performed by the conventional pulse generating circuit. 

First, counters 1003 and 1004 reset count 
values i and j to "1", respectively, when a power supply 

20 to the pulse generating circuit is turned on (step 
S1001) . 

Thereafter, the counter 1003 waits for an 
input of a clear signal xlclr (No of step S1002) , and 
after the clear signal xlclr is input (Yes of step 
25 S1002) , the counter 1003 counts up (+1) the count value 
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i each time a pulse of the pixel clock clkw is input. 

A comparator 1001 performs the process of step 
S1003 until the count value i reaches the setting value 
prd (No of step S1004) . 
5 The comparator 1001 will generate the pulse 

xpls, when the count value i reaches the setting value 
prd (Yes of step S1004) . The counter 1003 returns the 
count value i to 1 according to the input of the pulse 
xpls (step S1005) . 

10 Additionally, as a result of the comparison 

between the count value j of the counter 1004 and the 
setting value num by the comparator 1002 (step S1006) , 
if the count value j has not. reached the setting value 
num (No of step S1006) , the counter 1004 counts up ( + 1) 

15 the count value j according to the input of the pulse 
xpls (step S1007) . 

Thereafter, the counters 1003 and 1004 and the 
comparator 1001 repeat the above-mentioned operation, 
and the comparator 1002 generates a stop signal when the 

20 count value j reaches the setting value num. Thus, the 

pulse generating circuit ends the operation (hereinafter, 
this operation is referred to as "pulse generating 
operation") . 

Here, Japanese Patent No. 3315474 discloses a 

25 conventional technique related with a phase control of 
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the pixel clock in an image forming apparatus. In the 
image forming apparatus disclosed in this patent 
document, there are provided a plurality of detection 
sensors that detect a laser beam moving in a main- 
5 scanning direction, and a scanning time or a count 
number of the clock is measured from a time when the 
laser beam is detected by one of the detection sensors 
and until the laser beam is detected by another one of 
the detection sensors so as to correct a write clock 

10 frequency in accordance with the result of the 
measurement . 

Additionally, there is a multi-beam method for 
forming an image on a photoconductor using more than two 
laser light sources among laser beam methods for forming 

15 an image by irradiating a laser beam onto a scan surface 
of a photoconductor. 

The image forming apparatus using the multi- 
beam method increases a speed of forming a latent image 
by writing beam spots on more than two main-scanning 

20 lines simultaneously. 

FIG. 5 is an illustration showing an image 
forming operation performed by a conventional image 
forming apparatus using the multi-beam method. FIG. 5 
shows an example in which two laser beams are irradiated 

25 by two laser light sources LDO and LD1 . As shown in FIG. 
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5, the two laser light sources LDO and LD1 irradiate 
laser beams onto a rotating polygon mirror. The polygon 
mirror deflects periodically the laser beams projected 
from the laser light sources LDO and LD1 . The deflected 
5 laser beams transmit through a f9 lens and repeatedly 

scan a surface of a photoconductor to be scanned that is 
rotating in a sub-scanning direction while uniformly 
charging the surface of the photoconductor. Portions 
irradiated by the laser beams on the photoconductor are 

10 electrically discharged, thereby forming an 
electrostatic latent image. 

Japanese Laid-Open Patent Application No. 
2000-166598 discloses a multi-beam light source 
apparatus and an optical scan apparatus using the above- 

15 mentioned multi-beam method. In this patent document, 
there are provided two light source parts each of which 
has two light source elements, and an offset of 
projecting axes of the two light source parts is 
corrected by adjusting a relative angle of light beams 

20 projected from the two light sources. 

However, there are the following problems in 
the image forming apparatus using the multi-beam method 
in which a plurality of laser light sources shares a 
single optical system and a single image carrier. 

25 As mentioned above, a fluctuation occurs in 
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the refraction index of a group of lenses including the 
f0 lens and the wavelength of the laser beams projected 
from the laser light sources. Therefore, an error 
occurs in the write magnification of each of the laser 
5 beams projected from the plurality of laser light beams 
per one scanning period, and, thus, there is a problem 
in that positions of the images written by the laser 
light beams are shifted from each other. Consequently, 
a line extending in the sub-scanning direction appears 

10 as it wobbles and a noise is generated in an entire 

image, and, thus, there is a problem in that an unclear 
image is formed. 

Additionally, the group of lenses including 
the f9 lens forming an optical system are made in 

15 consideration of refraction of a specific wavelength. 

Therefore, if a plurality of laser light sources share a 
single optical system and a single image carrier in the 
image forming apparatus using the multi-beam method, a 
plurality of laser beams that emit laser beams having 

20 the same wavelength must be selected and provided in the 
image forming apparatus. 

However, it is difficult to prepare a certain 
number of laser light sources that emit laser beams 
having accurately the same wavelength, and, thus, there 

25 is a problem in that the formed image is unclear. 
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SUMMARY OF THE INVENTION 

It is a general object of the present 
invention to provide an improved and useful image 
5 forming apparatus in which the above-mentioned problems 
are eliminated. 

A more specific object of the present 
invention is to provide an image forming apparatus which 
is capable of forming a clear image by using laser beams 

10 projected from a plurality of laser light sources,. 

In order to achieve the above-mentioned 
objects, there is provided according to one aspect of 
the present invention an image forming apparatus that 
forms an electrostatic latent image on a medium to be 

15 scanned by laser beams, which are projected from a 
plurality of laser light sources and periodically 
deflected by a rotational deflecting unit, so that the 
laser beams scan the medium, which is uniformly charged 
and moving in a sub-scanning direction, in a main- 

20 scanning direction perpendicular to the sub-scanning 
direction, the image forming apparatus comprising: a 
pixel clock generating unit that generates pixel clocks, 
which are used for controlling timings of projection of 
the laser beams, separately for each of the laser light 

25 sources, and for performing a phase change of each of 
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the pixel clocks; and a phase control unit that controls 
independently each of the pixel clocks. 

In the above-mentioned image forming apparatus, 
the phase control unit may generate control pulse 
5 signals for controlling the phase change of the pixel 
clocks generated by the pixel clock generation means, 
respectively, and may output the control pulse signals 
to the pixel clock generation means, and the pixel clock 
generating unit may perform the phase change of the 
10 pixel clocks when the control pulse signals are supplied 
thereto . 

The image forming apparatus according to the 
present invention may further comprise an operation unit 
that inputs setting values, which indicate an interval 

15 and a number of pulses of the control pulse signals for 
each of the laser light sources, wherein the phase 
control unit generates the control pulse signals of the 
pixel clocks, respectively, based on the setting values 
input by the operation unit, and outputs the control 

20 pulse signals to the pixel clock generating unit. 

The image forming apparatus according to the 
present invention may further comprise: an operation 
unit that inputs setting values, which indicate an 
interval and a number of pulses of the control pulse 

25 signals for performing the phase change on one of the 
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laser light sources; and a setting value computing units 
that computes setting values for other laser light 
sources other than the one of the laser light sources by 
adding values, which is previously specified for each of 
5 the other laser light sources, to the setting values for 
the one of the laser light sources input by the 
operation unit, wherein the phase control unit generates 
and outputs the control pulse signals corresponding to 
the respective laser light sources based on the setting 

10 values input by the operation means and the setting 
values computed by the setting value computing unit. 

The image forming apparatus according to the 
present invention may further comprise a synchronization 
detection unit that detects the laser beams from the 

15 laser light sources at a position outside an image 

formation area where the electrostatic latent image is 
formed on the medium to be scanned in the main-scanning 
direction and for outputting a synchronization detection 
signals, which specify scan start positions of the laser 

20 beams in the main— scanning direction, respectively, 

wherein the pixel clock generating unit generates the 
pixel clocks in synchronization with the synchronization 
detection signals . 

The image forming apparatus according to the 

25 present invention may further comprise: a 
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synchronization detection unit that detects the laser 
beams from the laser light sources at positions outside 
an image formation area where the electrostatic latent 
image is formed on the medium to be scanned in the main- 
5 scanning direction, the synchronization detection unit 
including a first synchronization detection unit and a 
second synchronization detection unit located opposite 
to the first synchronization detection unit with respect 
to the image formation area; a scan time measuring unit 

10 that measures a scan time after the first 

synchronization detection unit detects the laser beam 
until the second synchronization detection unit detects 
the laser beam on an individual laser light source 
basis; and a scan time comparison unit that compares the 

15 scan time of each of the laser light sources measured by 
the scan time measuring unit with a value indicating a 
reference of the scan time so as to compute setting 
values based on a result of the comparison, the setting 
values indicating an interval and a number of pulses of 

20 each of the control pulse signals, wherein the phase 
control unit generates and outputs the control pulse 
signals corresponding to the respective laser light 
sources base on the setting values computed by the scan 
time comparison unit. 

2 5 In the above-mentioned image forming apparatus, 
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the scan time comparison unit may compute a number of 
pulses to be increased or decreased with respect to each 
of the control pulse signals by multiplying a value, 
which is obtained by subtracting the reference of the 
5 scan time from the measured scan time, by a period of a 
respective one of the pixel clocks and dividing the 
multiplied value by a time unit of the phase change. 

Additionally, in the above-mentioned image 
forming apparatus, the synchronization detection unit 

10 may detect the laser beams from the laser light sources, 
respectively, at a position outside an image formation 
area where the electrostatic latent image is formed on 
the medium to be scanned in the main-scanning direction 
so as to output synchronization detection signals, which 

15 specify scan start positions of the respective laser 
beams in the main-scanning direction, and the pixel 
clock generating unit generates the pixel clocks in 
synchronization with the synchronization detection 
signals . 

20 The image forming apparatus according to the 

present invention may further comprise: a 
synchronization detection unit that detects the laser 
beams from the laser light sources at positions outside 
an image formation area where the electrostatic latent 

25 image is formed on the medium to be scanned in the main- 
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scanning direction, the synchronization detection unit 
including a first synchronization detection unit and a 
second synchronization detection unit located opposite 
to the first synchronization detection unit with respect 
5 to the image formation area; a scan time measuring unit 
that measures a scan time after the first 
synchronization detection unit detects the laser beam 
until the second synchronization detection unit detects 
the laser beam on an individual laser light source 

10 basis; and a scan time comparison unit that compares the 
scan time of each of the laser light sources measured by 
the scan time measuring unit with a value indicating a 
reference of the scan time so as to compute setting 
values for the one of the laser light sources based on a 

15 result of the comparison, the setting values indicating 
an interval and a number of pulses of the control pulse 
signal of the one of the laser light sources; and a 
setting value computing unit that computes each of the 
setting values of the other laser light sources by 

20 adding setting values, which is previously specified for 
each of the other laser light sources, to the setting 
values for the one of the laser light sources, wherein 
the phase control unit outputs the control pulse signals 
corresponding to the other laser light sources base on 

25 the setting values computed by the setting value 
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computing unit. 

In the above-mentioned image forming apparatus, 
the scan time comparison unit may compute a number of 
pulses to be increased or decreased with respect to each 
5 of the control pulse signals by multiplying a value, 
which is obtained by subtracting the reference of the 
scan time from the measured scan time, by a period of a 
respective one of the pixel clocks and dividing the 
multiplied value by a time unit of the phase change. 

10 In the above-mentioned image forming apparatus, 

the synchronization detection unit may detect the laser 
beams from the laser light sources, respectively, at a 
position outside an image formation area where the 
electrostatic latent image is formed on the medium to be 

15 scanned in the main-scanning direction so as to output 
synchronization detection signals, which specify scan 
start positions of the respective laser beams in the 
main-scanning direction, and the pixel clock generating 
unit may generate the pixel clocks in synchronization 

20 with the synchronization detection signals. 

In the image forming apparatus according to 
the present invention, the phase control unit may 
control a phase of each of the pixel clocks so that the 
phase is changed by a time unit shorter than a period of 

25 each of the pixel clocks. 
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In the image forming apparatus according to 
the present invention, the phase control unit may vary 
an output timing of the control pulse signals for each 
scan period . 

5 In the above-mentioned image forming apparatus, 

the phase control unit may vary the output timing of the 
control pulse signals by a fixed unit time each time 
when one scan period has passed. 

In the above-mentioned image forming apparatus, 

10 ,the phase control unit may vary the output timing of the 
control pulse signals based on the unit time that is 
obtained as a product of a value, which is obtained by 
subtracting a product of the interval of pulses and the 
number of pulses of each of the control signal pulses 

15 from the scan period, and a product of a fractional 

number having a numerator of a positive integer and a 
denominator of a positive integer, and wherein the 
output timing of the control pulse signals after change 
matches the output timing before change for the number 

20 of the denominator. 

The image forming apparatus according to the 
present invention, the phase control unit may vary a 
phase of each of the pixel clocks for each divided 
period obtained, by dividing one scan period of each of 

25 the laser light sources. 
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Additionally , there is provided according to 
another aspect of the present invention an image forming 
apparatus that forms an electrostatic latent image on a 
medium to be scanned by laser beams f which are projected 
5 from a plurality of laser light sources and periodically 
deflected by a rotational deflecting unit, so that the 
laser beams scan the medium, which is uniformly charged 
and moving in a sub-scanning direction, in a main- 
scanning direction perpendicular to the sub-scanning 

10 direction, the image forming apparatus comprising: a 

pixel clock generating unit that generates pixel clocks 
for performing independently a modulation control of 
each of the laser light sources, and changes 
independently a phase of each of the pixel clocks of the 

15 laser light sources based on control pulse signals 
supplied thereto. 

The above-mentioned image forming apparatus 
may further comprise a synchronization detection unit 
that detects the laser beams from the laser light 

20 sources at a position outside an image formation area 
where the electrostatic latent image is formed on the 
medium to be scanned in the main-scanning direction and 
for outputting a synchronization detection signals, 
which specify scan start positions of the laser beams in 

25 the main-scanning direction, respectively, wherein the 
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pixel clock generating unit may generate the pixel 
clocks in synchronization with the synchronization 
detection signals . 

In the above-mentioned optical scanning 

, 5 apparatus, the synchronization detection unit may detect 
the laser beams at two positions outside the image 
formation area in the main-scanning direction, and may 
output the synchronization detection signals for 
measuring a scan time spent on scanning between the two 

10 positions. 

In the above-mentioned image forming apparatus, 
the pixel clock generating unit may control a phase of 
each of the pixel clocks so that the phase is changed by 
a time unit shorter than a period of each of the pixel 

15 clocks . 

In the above-mentioned image forming apparatus, 
the pixel clock generating unit may vary an output 
timing of the control pulse signals for each scan period. 

In the above-mentioned image forming apparatus, 
20 the pixel clock generating unit may vary .the output 

timing of the control pulse signals by a fixed unit time 
each time when one scan period has passed. 

In the above-mentioned image forming apparatus, 
the pixel clock generating unit may vary the output 
25 timing of the control pulse signals based on the unit 
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time that is obtained as a product of a value, which is 
obtained by subtracting a product of the interval of 
pulses and the number of pulses of each of the control 
signal pulses from the scan period, and a product of a 
5 fractional number having a numerator of a positive 
integer and a denominator of a positive integer, and 
wherein the output timing of the control pulse signals 
after change matches the output timing before change for 
the number of the denominator. 

10 Additionally, there is provided according to 

another aspect of the present invention an image forming 
method that forms an electrostatic latent image on a 
medium to be scanned by laser beams, which are projected 
from a plurality of laser light sources and periodically 

15 deflected in a rotational deflecting process, so that 
the laser beams scan the medium, which is uniformly 
charged and moving in a sub-scanning direction, in a 
main-scanning direction perpendicular to the sub- 
scanning direction, the image forming apparatus 

20 comprising: a pixel clock generation step of generating 
pixel clocks, which are used for controlling timings of 
projection of the laser beams, separately for each of 
the laser light sources; a phase control step of 
controlling independently a phase control of each of the 

25 pixel clocks; and a phase change step of performing the 
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phase change of each of the pixel clocks in accordance 
with the phase control step. 

In the above-mentioned image forming method, 
the phase control step may generate control pulse 
5 signals for controlling the phase change of the pixel 
clocks generated in the pixel clock generation step, 
respectively, and outputs the control pulse signals to 
the pixel clock generation step, and the pixel clock 
generation step may perform the phase change of the 
10 pixel clocks when the control pulse signals are supplied 
thereto . 

The image forming method according to the 
present invention may further comprise an input step of 
inputting setting values, which indicate an interval and 

15 a number of pulses of the control pulse signals for each 
of the laser light sources, wherein the phase control 
step generates the control pulse signals of the pixel 
clocks, respectively, based on the setting values input 
in the input step, and outputs the control pulse signals 

20 to the pixel clock generation step. 

The above-mentioned image forming method may 
further comprise a synchronization detection step of 
detecting the laser beams from the laser light sources 
at a position outside an image formation area where the 

25 electrostatic latent image is formed on the medium to be 
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scanned in the main-scanning direction and outputting a 
synchronization detection signals, which specify scan 
start positions of the laser beams in the main-scanning 
direction, respectively, wherein the pixel clock 
5 generation step may generate the pixel clocks in 
synchronization with the synchronization detection 
signals. 

The image forming method according to the 
present invention may further comprise: an input step of 

10 inputting setting values, which indicate an interval and 
a number of pulses of the control pulse signals for 
performing the phase change on one of the laser light 
sources; and a setting value computation step of 
computing setting values for other laser light sources 

15 other than the one of the laser light sources by adding 
values, which is previously specified for each of the 
other laser light sources, to the setting values for the 
one of the laser light sources input in the input step, 
wherein the phase control step generates and outputs the 

20 control pulse signals corresponding to the respective 

laser light sources based on the setting values input in 
the input step and the setting values computed in the 
setting value computation step. 

The above-mentioned image forming method 

25 further comprise a synchronization detection step of 
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detecting the laser beams from the laser light sources 
at a position outside an image formation area where the 
electrostatic latent image is formed on the medium to be 
scanned in the main-scanning direction and outputting a 
5 synchronization detection signals, which specify scan 
start positions of the laser beams in the main-scanning 
direction, respectively, wherein the pixel clock 
generation step may generate the pixel clocks in 
synchronization with the synchronization detection 
10 signals. 

The image forming method according to the 
present invention may further comprise: a first 
synchronization detection step of detecting the laser 
beams from the laser light sources at a first position 

15 outside an image formation area where the electrostatic 
latent image is formed on the medium to be scanned in 
.the main-scanning direction; a second synchronization 
detection step of detecting the laser beams from the 
laser light sources at a second position outside the 

20 image formation area; a scan time measuring step of 

measuring a scan time after the laser beam is detected 
in the first synchronization detection step and until 
the laser beam is detected in the second synchronization 
detection step on an individual laser light source 

25 basis; and a scan time comparison step of comparing the 
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scan time of each of the laser light sources measured by 
the scan time measuring means with a value indicating a 
reference of the scan time so as to compute setting 
values based on a result of the comparison, the setting 
5 values indicating an interval and a number of pulses of 
each of the control pulse signals, wherein the phase 
control step generates and outputs the control pulse 
signals corresponding to the respective laser light 
sources base on the setting values computed in the scan 

10 time comparison step. 

In the above-mentioned image forming method, 
the scan time comparison step may compute a number of 
pulses to be increased or decreased with respect to each 
of the control pulse signals by multiplying a value, 

15 which is obtained by subtracting the reference of the 

scan time from the measured scan time, by a period of a 
respective one of the pixel clocks and dividing the 
multiplied value by a time unit of the phase change. 

In the above-mentioned image forming method, 

20 the first synchronization detection means may detect the 
laser beams from the laser light sources, respectively, 
at the first position so as to output synchronization 
detection signals, which specify scan start positions of 
the respective laser beams in the main-scanning 

25 direction, and the pixel clock generation step generates 
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the pixel clocks in synchronization with the 
synchronization detection signals. 

The image forming method according to the 
present invention may further comprise: a first 
5 synchronization detection step of detecting the laser 
beams from the laser light sources at a first position 
outside an image formation area where the electrostatic 
latent image is formed on the medium to be scanned in 
the main-scanning direction; a second synchronization 

10 detection step of detecting the laser beams from the 
laser light sources at a second position outside the 
image formation area; a scan time measuring step of 
measuring a scan time after the laser beam is detected 
in the first synchronization detection step and until 

15 the laser beam is detected in the second synchronization 
detection step on an individual laser light source 
basis; a scan time comparison step of comparing the scan 
time of each of the laser light sources measured in the 
scan time measuring step with a value indicating a 

20 reference of the scan time so as to compute setting 

values for the one of the laser light sources based on a 
result of the comparison, the setting values indicating 
an interval and a number of pulses of the control pulse 
signal of the one of the laser light sources; and a 

25 setting value computation step of computing each of the 
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setting values of the other laser light sources by 
adding setting values, which is previously specified for 
each of the other laser light sources, to the setting 
values for the one of the laser light sources, wherein 
5 the phase control step outputs the control pulse signals 
corresponding to the other laser light sources base on 
the setting values computed in the setting value 
computation step. 

In the above-mentioned image forming method, 

10 the scan time comparison step may compute a number of 

pulses to be increased or decreased with respect to each 
of the control pulse signals by multiplying a value, 
which is obtained by subtracting the reference of the 
scan time from the measured scan time, by a period of a 

15 respective one of the pixel clocks and dividing the 
multiplied value by a time unit of the phase change. 

In the above-mentioned image forming method, 
the scan time comparison step may compute a number of 
pulses to be increased or decreased with respect to each 

20 of the control pulse signals by multiplying a value, 
which is obtained by subtracting the reference of the 
scan time from the measured scan time, by a period of a 
respective one of the pixel clocks and dividing the 
multiplied value by a time unit of the phase change. 

25 In the image forming method according to the 
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present invention, the phase control step may control a 
phase of each of the pixel clocks so that the phase is 
changed by a time unit shorter than a period of each of 
the pixel clocks . 
5 In the image forming method according to the 

present invention, the phase control step may vary an 
output timing of the control pulse signals for each scan 
period. 

In the above-mentioned image forming method, 

10 the phase control step may vary the output timing of the 
control pulse signals by a fixed unit time each time 
when one scan period has passed. 

In the above-mentioned image forming method, 
the phase control step may vary the output timing of the 

15 control pulse signals based on the unit time that is 

obtained as a product of a value, which is obtained by 
subtracting a product of the interval of pulses and the 
number of pulses of each of the control signal pulses 
from the scan period, and a product of a fractional 

20 number having a numerator of a positive integer and a 
denominator of a positive integer, and wherein the 
output timing of the control pulse signals after change 
matches the output timing before change for the number 
of the denominator. 

25 In the image forming method according to the 
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present invention, the phase change step may vary a 
phase of each of the pixel clocks for each divided - 
period obtained by dividing one scan period of each of 
the laser light sources . 
5 Other objects, features and advantages of the 

present invention will become more apparent from the 
following detailed description when read in conjunction 
with the accompanying drawings. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration for explaining an 
image forming operation performed by an image forming 
apparatus using a conventional laser beam method; 
FIG. 2 is a timing chart showing a 
15 relationship between a conventional pixel clock and a 
phase change thereof; 

FIG. 3 is a block diagram of a conventional 
pulse generating circuit; 

FIG. 4 is a flowchart of an operation of the 
20 pulse generating circuit shown in FIG. 3; 

FIG. 5 is an illustration for explaining an 
image forming operation performed by a conventional 
image forming apparatus using the multi-beam method; 

FIG. 6 is a block diagram of an image forming 
25 apparatus according to a first embodiment of the present 
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invention ; 

FIG. 7A is an illustration showing a 
positional relationship between two laser light sources 
in the first embodiment of the present invention; 
5 FIG. 7B is an illustration for explaining 

laser beam irradiation by the laser light sources in the 
first embodiment of the present invention; 

FIG. 8 is a flowchart of an image forming 
operation performed by the image forming apparatus 
10 according to the first embodiment of the present 
invention; 

FIG. 9 is a timing chart showing an example of 
a relationship between a pixel clock and a phase change 
thereof; 

15 FIG. 10 is a block diagram of pulse train 

generating units according to the first embodiment of 
the present invention; 

FIG. 11 is a flowchart of an operation of the 
pulse train generating units according to the first 

20 embodiment of the present invention; 

FIG. 12 is a timing chart showing a 
relationship between a clear signal and an external 
pulse train according to the first embodiment of the 
present invention; 

25 FIG. 13 is a block diagram of an image forming 
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apparatus according to a second embodiment of the 
present invention ; 

FIG. 14 is a time chart showing signals output 
from a front-end synchronization detection unit and a 
5 rear-end synchronization detection unit according to the 
second embodiment of the present invention; 

FIG. 15A is an illustration showing a 
positional relationship between two laser light sources 
according to the second embodiment of the present 
10 invention; 

FIG. 15B is an illustration showing laser beam 
irradiation by the laser light sources according to the 
second embodiment of the present invention; 

FIG. 16 is a block diagram of scan time 
15 measuring units according to the second embodiment of 
the present invention; 

FIG. 17 is a flowchart of a phase adjusting 
operation of a pixel clock performed by the image 
forming apparatus according to the second embodiment of 
20 the present invention; 

FIG. 18 is a block diagram of an image forming 
apparatus according to a third embodiment of the present 
invention ; 

FIG. 19 is an illustration showing a setting 
25 operation of setting values of laser light sources 
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according to the third embodiment of the present 
invention ; 

FIG. 20 is a flowchart of the setting 
operation of the setting values of the laser light 
5 sources according to the third embodiment of the present 
invention ; 

FIG. 21 is a block diagram of an image forming 
apparatus according to a fourth embodiment of the 
present invention ; 

10 FIG. 22 is a flowchart of a setting operation 

of the setting values performed by the image forming 
apparatus according to the third embodiment of the 
present invention ; 

FIG. 23 is a block diagram of an image forming 

15 apparatus according to a fifth embodiment of the present 
invention; 

FIG. 24 is a block diagram of shift generating 
units according to the fifth embodiment of the present 
invention ; 

20 FIG. 25 is a block diagram of pulse train 

generating units according to the fifth embodiment of 
the present invention; 

FIG. 26 is a time chart showing an expel of a 
shift of an external pulse train; 

25 FIG. 27 is a time chart showing another 
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example of a shift of the external pulse train; 

FIG. 28 is a block diagram of an image forming 
apparatus according to a sixth embodiment of the present 
invention ; 

5 FIG. 29 is a circuit diagram of a pulse 

generating unit according to the sixth embodiment; 

FIG . 30 is a circuit diagram of another pulse 
generating unit according to the sixth embodiment; 

FIG. 31 is a flowchart of an operation of 
10 generating pulses performed by the pulse generating unit 
according to the sixth embodiment of the present 
invention; 

FIG. 32 is an illustration showing a pulse 
train an containing external pulse train in the sixth 
15 embodiment; 

FIG. 33 is a block diagram of an image forming 
apparatus according to a seventh embodiment of the 
present invention; 

FIG. 34 is a block diagram of an image forming 
20 apparatus according to an eighth embodiment of the 
present invention; 

FIG. 35 is a block diagram of an image forming 
apparatus according to a ninth embodiment of the present 
invention ; 

25 FIG. 36 is a block diagram of an image forming 
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apparatus according to a tenth embodiment of the present 
invention ; 

FIG. 37 is a block diagram of an image forming 
apparatus according to an eleventh embodiment of the 
5 present invention; and 

FIG. 38 is a block diagram of an image forming 
apparatus according to a twelfth embodiment of the 
present invention . 

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

(First Embodiment) 

A description will now be given of an image 
forming apparatus according to a first embodiment of the 
present invention. The image forming apparatus 

15 according to the present embodiment forms an 

electrostatic latent image on a surface of a medium that 
is uniformly charged and moving in a sub-scanning 
direction by scanning laser beams projected from a 
plurality of laser light sources in a main-scanning 

20 direction, which is perpendicular to the sub-scanning 
direction. The image forming apparatus independently 
generates pixel clocks, which is used for timing control 
of emission of each of the laser light sources, for each 
of the laser fight beams, and performs a phase change 

25 control of each pixel clock independently. 
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A description will be given below, with 
reference to FIG. 6 , of a structure of the image forming 
apparatus according to the present invention. FIG. 6 is 
a block diagram of the image forming apparatus according 
5 to the first embodiment of the present invention. 

As shown in FIG. 6, the image forming 
apparatus comprises an optical scanning apparatus 10, a 
data control apparatus 20, a central processing unit 
(CPU) 30, a printer controller 40, and an operation unit 
10 50 as an input means. It should be noted that the 

structure of the image forming apparatus shown in FIG. 6 
is simplified for the sake of easy understanding, and 
may comprises structural elements other than that shown 
in FIG. 6. 

15 The optical scanning apparatus 10 is a unit 

that forms an image using laser beams. The optical 
scanning apparatus 10 comprises a photoconductor 11 
serving as a medium to be scanned,, an f9 lens 12, a 
polygon mirror 13, laser light source drivers 14a and 

20 14b, synchronization detection driver 15 and laser light 
sources LD0 and LD1 . 

Each of the laser light sources LD0 and LDl~is 
an element that emits a laser beam, and can be a light- 
emitting element such as a laser diode. 

25 The photoconductor 11 is formed of a material 
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(a layer of an optical semiconductor) having an electric 
characteristic that is changeable by irradiation of a 
light onto a surface thereof. For example, the 
photoconductor can be a photoconductor drum 11 that 
5 rotates in a sub-scanning direction. 

The f9 lens 12 is provided for forming an 
image on a surface of the photoconductor 11 by focusing 
the laser beams reflected by the polygon mirror 13. The 
f9 lens 12 deflects the laser beams having a specific 

10 wavelength at a predetermined refraction angle. 

The polygon mirror 13 is a mirror having a 
polyhedral shape that is rotatble at a constant speed by 
a motor (not shown in the figure) . The polygon mirror 
13 changes the reflection angle of the laser beams 

15 projected from the laser light sources LDO and LD1 in 
accordance with a rotation thereof so that scan the 
laser beams on the surface of the photoconductor 11 to 
be scanned in the main-scanning direction . 

Laser light source drivers 14a and 14b drive 

20 the laser light sources LDO and LD1 , respectively, and 

operate according to image signals from the data control 
apparatus 20. More specifically, after the laser beams 
are detected by the synchronization detection unit 15 
and a predetermined time has passed after a 

25 synchronization detection signal detp is supplied from 
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the synchronization detection unit 15 to the data 
control apparatus 20, the laser light source drivers 14a 
and 14b start a modulation (ON/ OFF ) control of the laser 
light sources LDO and LD1 in accordance with the image 
5 signals from the data control apparatus 20 so as to emit 
the laser beams, respectively. Thus, if there is a 
variation in an angle between adjacent reflection 
surfaces of the polygon mirror 13, a write start 
position can always be at the same position of the 

10 surface to be scanned and a write end position can 
always be at the same position. 

The synchronization detection unit 15 is 
provided outside an image area of the surface of the 
photoconductor 11 to be scanned along a path of the 

15 laser beams in the main-scanning direction (for example, 
immediately before or after the scanning start position) 
so as to detect the laser beams passed through the f0 
lens 12 and irradiated thereon. Upon detection of the 
laser beams, the synchronization detection unit 15 

20 generates the synchronization detection signal detp, 
which defines the write start position of the laser 
beams in the main-scanning direction for always set the 
write start position at the same point on the surface to 
be scanned, and outputs the signal detp to the data 

25 control apparatus 20. 
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The data control apparatus 2 0 outputs image 
signals for controlling the laser light source drivers 
14a and 14b so as to control the laser beam write ■ 
operation by the optical scanning apparatus 10. The 
5 data control apparatus 20 comprises pulse train 

generating units 21a and 21b serving as phase control 
means, clock generating units 22a and 22b serving as 
pixel clock generating means, an image data processing 
unit 23, and a register 24. 

10 The clock generating unit 22a generates a 

pixel clock clkwO in synchronization with the 
synchronization signal detection signal detp supplied by 
the synchronization detection unit 15, and outputs the 
pixel clock clkwO to the pulse generating unit 21a and 

15 the image date processing unit 23. The clock generating 
unit 22a generates the pixel clock clkwO by toggling a 
high level (H) and a low level (L) of a reference clock 
(original clock) clkoO , which is generated by an 
oscillator (not shown in the figure) provided in the 

20 clock generating unit 22a and has a frequency M times 
the frequency of the pixel clock clkwO . Thus, it is 
possible to arrange the scan start position of each 
scanning line on the photoconductor 11 at the same 
position. Additionally, upon detection of the 

25 synchronization detection signal detp input from the 
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synchronization detection section 15 , the clock 
generating unit 22a outputs a clear signal xlclrO to the 
pulse train generating unit 21a. 

The clock generating unit 22b generates a 
5 pixel clock clkwO in synchronization with the 

synchronization signal detection signal detp supplied by 
the synchronization detection unit 15 , and outputs the 
pixel clock clkwl to the pulse train generating unit 21b 
and the image date processing unit. 23. The clock 

10 generating unit 22b generates a pixel clock clkwl by 
toggling a high level (H) and a low level (L) of a 
reference clock (original clock) clkol, which is 
generated by an oscillator (not shown in the figure) 
provided in the clock generating unit 22b and has a 

15 frequency N times the frequency of the pixel clock clkwl. 
Thus, it is possible to arrange the scan start position 
of each scanning line on the photoconductor 11 at the 
same position. Additionally, upon detection of the 
synchronization detection signal detp input from the 

20 synchronization detection section 15, the clock 

generating unit 22b outputs a clear signal xlclrl to the 
pulse train generating unit 21b. 

The pulse train generating unit 21a generates 
an external pulse train (hereinafter may be simply 

25 referred to as "pulse") xplsO, which is a control signal 
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(control pulse signal) for applying a phase change at a 
desired timing with respect to the pixel clock clkwO 
generated by the clock generating unit 22a, and outputs 
the pulse xplsO to the clock generating unit 22a. 
5 More specifically, the pulse train generating 

unit 21a starts a counting operation of the pixel clock 
clkwO upon an input of the clear signal xlclrO, and 
outputs the external pulse train xplsO to the clock 
generating unit 22a when a count value thereof reaches a 

10 predetermined setting value prdO (prdO indicates an 
interval of generation of the external pulse train 
xplsO) . Thus, the pulse train generating unit 21a is 
capable of changing a phase of the pixel clock clkwO at 
the timing of outputting the external pulse train xplsO. 

15 The pulse train generating unit 21a stops the generation 
of the external pulse train xplsO when a number of the 
output external pulse train xplsO reaches the a 
predetermined setting value numO (numO indicates the 
number of pulses of the external pulse train xplsO and 

20 is represented by a positive integer) . 

The pulse train generating unit 21b generates 
an external pulse train (hereinafter may be simply 
referred to as "pulse") xplsl, which is a control signal 
(control pulse signal) for applying a phase change at a 

25 desired timing with respect to the pixel clock clkwl 



-43- 



generated by the clock generating unit 22b, and outputs 
the pulse xplsl to the clock generating unit 22b. 

More specifically, the pulse train generating 
unit 21b starts a counting operation of the pixel clock 
5 clkwO upon an input of the clear signal xlclrl, and 
outputs the external pulse train xplsO to the clock 
generating unit 22b when a count value thereof reaches a 
predetermined setting value prdl (prdl indicates an 
interval of generation of the external pulse train 

10 xplsl) . Thus, the pulse train generating unit 21b is 

capable of changing a phase of the pixel clock clkwl at 
the timing of outputting the external pulse train xplsl. 
The pulse train generating unit 21b stops the generation 
of the external pulse train xplsl when a number of the 

15 output external pulse train xplsl reaches the a 

predetermined setting value numl (numl indicates the 
number of pulses of the external pulse train xplsl and 
is represented by a positive integer) . 

The image data processing unit 23 applies 

20 image processing to the input image data by using 

various sets of information (information regarding a 
half-tone process, information for designating an image 
area based on a print paper size) used for image 
formation input from the register 24. Moreover, the 

25 image data processing unit 23 outputs the image signal 
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input from the printer controller 40 to the laser light 
source driver 14a in synchronization with the pixel 
clock clkwO. Further, the image data processing unit 23 
outputs the image signal input from the printer 
5 controller 40 to the laser light source driver 14b in 
synchronization with the pixel clock clkwl . 

The operation unit 50 serving ..as an input 
means is used for inputting information, and can be a 
group of key switches such as a touch panel or a 

10 keyboard. The operation unit 50 inputs the setting 
values prdO , prdl , numO and numl . 

The CPU 30 is constituted by a microcomputer 
which comprises a central processing unit, a program ROM 
(read only memory), etc., and generally controls the 

15 engine unit (the image forming apparatus) including the 
optical scanning apparatus 10 and the data control 
apparatus 20. The CPU 30 serves as scanning time 
comparing means and setting value calculating means. 
The CPU 30 outputs and sets the information input from 

20 the operation unit 50 to the register 24. Specifically, 
an operator of the image forming apparatus inputs the 
pulse generation intervals (periods) prdO and prdl of 
the external pulse trains xplsO and xpl.sl, and pulse 
generation numbers numO and numl of the external pulse 

25 trains xplsO and xplsl by using the input keys of the 
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operation unit 50 , etc. The CPU 30 sets the input 
setting values prdO , prdl, numO and numl to the register 
24. The CPU 30 outputs the phase delay control signal 
phaseOp for delaying the phase of the pixel clock clkwO 
5 and a phase progress control signal phaseOm to the 
resister 24 base on the external pulse train xplsO 
output from the pulse train generating unit 21a. 
Additionally, the CPU 30 outputs the phase delay control 
signal phaselp for delaying the phase of the pixel clock 

10 clkwl and a phase progress control signal phaselm to the 
resister 24 based on the external pulse train xplsl 
output from the pulse train generating unit 21a. 

The register 24 serves as a storing medium for 
temporarily storing the setting values prdO , prdl, numO 

15 and numl set by the CPU 30 , and outputs the setting 

values prdO and numO to the pulse train generating unit 
21a and outputs the setting values prdl and numl to the 
pulse train generating unit 21b. Additionally, the 
register 24 outputs the phase delay control signal 

20 phaseOp and the phase progress control signal phaseOm 
input by the CPU 30 to the pulse train generating unit 
21a, and also outputs the phase delay control signal 
phaselp and the phase progress control signal phaselm 
input by the CPU 30 to the pulse train generating unit 

25 21b. Further, the register 24 outputs various sets of 
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information (information regarding a half-tone process, 
information for designating an image area based on a 
print paper size) used for image formation input by the 
CPU 30 to the image data processing unit 23. 
5 The printer controller 40 sends the image data 

corresponding to a signal page to the image data 
processing unit as an image signal (video signal) on an 
individual line (scan line) basis. 

A description will now be given, with 

10 reference to FIGS. 7A and 7B, of a positional 

relationship between the laser light sources LDO and LD1 . 
FIG. 7A is an illustration showing a positional 
relationship between the laser light sources LDO and LD1 
in the first embodiment of the present invention. FIG. 

.15 7B is an illustration for explaining the laser beam 

irradiation by the laser light sources LDO and LD1 in 
the first embodiment of the present invention. 

In the present embodiment , as shown in FIG. 7A, 
the laser light sources LDO and LD1 are arranged 

20 relative to each other with a distance Wx in the main- 
scanning direction and a distance Wy in the sub-scanning 
direction. Even if a plurality of laser light sources 
must be arranged with a predetermined distance due to a 
limitation in design, the laser beams can be irradiated 

25 with a desired line pitch (an interval of laser beams in 
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the sub-scanning direction) so as to form an image by 
the laser beams by arranging the plurality of laser 
light sources with a certain distance in the main- 
scanning direction as shown in FIG. 7A. 
5 When the two laser light sources LDO and LD1 

are arranged at the interval Wx in the main-scanning 
direction as shown in FIG. 7A, there is generated a 
difference between the irradiated positions on the 
polygon mirror 13 by the two laser light sources LDO and 

10 LD1 as shown in FIG. 7B. Accordingly, if the laser 

light sources LDO and LD1 project the laser beams at the 
same timing, the laser beam from the light source LDO 
always incident on the synchronization detection unit 15 
before the laser beam from the laser light source LD1 . 

15 A description will now be given, with 

reference to FIG. 8, of an image forming operation 
performed by the image forming apparatus according to 
the present embodiment. FIG. 8 is a flowchart of an 
image forming operation performed by the image forming 

20 apparatus according to the first embodiment of the 
present invention . 

First, the CPU 30 sets the setting values prdO , 
prdl , numO and numl input by the operation unit 50 to 
the register 24 (step SI) . The register 24 outputs the 

25 corresponding setting values to the pulse train 
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generating units 21a and 21b. 

When a start request of the image forming 
operation is input by the operation unit 50 (Yes of step 
S2) , that is, for example, if a start key provided in 
5 the operation unit 50 is selected, the image forming 
apparatus starts the image forming operation. 

The clock generating units 22a and 22b 
generate the pixel clocks clkwO and clkwl based on the 
basic clocks clkoO and clkol , respectively. The clock 

10 generating unit 22a outputs the generated pixel clock 
clkwO to the pulse train generating unit 21a and the 
image data processing unit 23. Additionally, the clock 
generating unit 22b outputs the generated pixel clock 
clkwl to the pulse train generating unit 21b and the 

15 image data processing unit 23 (step S3) . 

The image data processing unit 23 outputs the 
image signal input from the printer controller 40 to the 
laser light source drivers 14a and 14b in 
synchronization with the input pixel clocks clkwO and 

20 clkwl, respectively (step S4) . 

The laser light source drivers 14a and 14b 
output drive control signals for controlling ON/OFF of 
illumination of the laser light sources LD0 and LD1 , 
respectively, in accordance with the input timing of the 

25 image signal from the image data processing unit 23 



-49- 



based on the pixel clocks after the phase change and the 
contents of data of the image signal. 

The laser light sources LDO and LD1 project 
laser beams to the polygon mirror 13 based on the 
5 control by the laser light source drivers 14a and 14b, 
respectively (step S6) . It should be noted that a lens 
(cylindrical lens) for condensing the laser beams may be 
provided between the laser light sources LDO and LD1 and 
the polygon mirror 13. 

10 The laser beam projected from the laser light 

sources LDO and LD1 are deflected by the polygon mirror 
13, transmit through the f9 lens 12 and are incident on 
the synchronization detection unit 15, and, thereafter, 
the laser beams are incident on the surface of the 

15 photoconductor 11 to be scanned. When the 

synchronization detection unit 15 detests the laser 
beams (Yes of step S7) , the synchronization detection 
unit 15 outputs the synchronization detection signal 
detp to the clock generating units 22a and 22b (step S8) . 

20. As mentioned above in the present embodiment, since the 
laser beam from the laser light source LDO is incident 
on the synchronization detection unit 15 always before 
the laser beam from the laser light source LD1 , the 
synchronization detection unit 15 outputs the 

25 synchronous detection signal detp to the clock 
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generating unit 22a at the time of the first detection 
of the laser beams and also outputs the synchronization 
detection signal detp to the clock generating unit 22b 
at the time of the second detection of the laser beams . 
5 If the synchronous detection signal detp is 

input, the clock generating units 22a and 22b generate 
the clear signals xlclrO and xlclrl, and outputs them to 
the pulse train generating units 21a and 21b, 
respectively (step S9) . 

10 Upon reception of the clear signals xlclrO and 

xlclrl, the pulse train generating units 21a and 21b 
start the count of the pixel clocks clkwO and clkwl , 
respectively. The pulse train generating units 21a and 
21b output the external pulse trains xplsO and xplsl to 

15 the clock generation sections 22a and 22b when the count 
values of the pixel clocks reach the setting values prdO 
and prdl , .respectively. The pulse train generating 
units 21a and 21b repeat the generation and output of 
the external pulse trains until the count values reach 

20 settings numO and numl , respectively (step S10) . 

When the external pulse trains xplsO and xplsl 
are input, the clock generating units 22a and 22b 
applies a phase change (delay/progress) to the pixel 
clocks clkwO and clkwl at the input timing (step Sll) . 

25 It should be noted that the phase change can be 
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performed as a partial phase change, which can change a 
phase at a high level or a low level of each pixel clock 
by a time unit .that is smaller than one period 
(hereinafter, referred to as "pixel clock period") of 
5 the pixel clock. 

The clock generating unit 22a outputs the 
pixel clock clkwO, which was subjected to the phase 
change, to the pulse train generating unit 21a and the 
image data processing unit 23. Additionally, the clock 
10 generating unit 22b outputs the pixel clock clkwl, which 
was subjected to the phase change, to the pulse train 
generating unit 21b and the image data processing unit 
23. 

Thereafter, the image data processing unit 23 
15 sends the image signal from the printer controller 40 to 
the laser light source drivers 14a and 14b in 
synchronization with the pixel clocks after the phase 
change. The laser light source drivers 14a and 14b 
perform a luminescence control of the laser light 
20 sources LDO and LD1 according to the input timing of the 
image signal based on the pixel clocks after the phase 
change. The above-mentioned operation is repeated until 
a stop command of the image formation operation is 
supplied by the CPU 30 (No of step S12) . 
25 A description will now be given, with 
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reference to FIG. 9, of a relationship between the pixel 
clock and the phase change (phase setting) . 
FIG. 9 is a timing chart showing an example of the 
relationship between the pixel clock and the phase 
5 change thereof. 

The clock generating unit 22a generates the 
pixel clock clkwO by using the reference clock clkoO , 
which is M times (four times in FIG. 9) the frequency of 
the pixel clock clkwO, and outputs the pixel clock clkwO 

10 to the pulse generating unit 21a and the image date 
processing unit 23 in synchronization with the 
synchronization signal detection signal detp supplied by 
the synchronization detection unit 15. The clock 
generating unit 22a generates the pixel clock clkwO by 

15 toggling a high level (H) and a low level (L) of a 
reference clock (original clock) clkoO, which is 
generated by an oscillator (not shown in the figure) 
provided in the clock generating unit 22a and has the 
frequency M times (four times in the example of FIG. 9) 

20 the frequency of the pixel clock clkwO at each MXclokO 
according to a count control . 

The pulse train generating units 21a and 21b 
perform the phase control using the external pulse 
trains xplsO and xplsl so as to achieve the phase change, 

25 which shifts the phase of the pixel clocks clkwO and 
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clkwl, respectively. 

The pulse train generating unit 21a outputs 
. either the external pulse train xplsOp for delaying the 
phase angle of the pixel clock clkwO or the external 
5 pulse train xplsOm for progressing the phase angle of 

the pixel clock clkwO, as an external pulse train xplsO. 
On the other hand, the pulse train generating unit 21b 
outputs either the external pulse train xplslp for 
delaying the phase angle of the pixel clock clkwl or the 

10 external pulse train xplslm for progressing the phase 
angle of the pixel clock clkwl, as an external pulse 
train xplsl . 

For example, when generating the pixel clock 
clkwO from the reference clock clkoO, the pixel clock 

15 clkw, which is normally generated with 8clko, is 
generated with 9clko or 7clko by increasing or 
decreasing the count value i by inputting the external 
pulse train xplsO (external pulse train xplsOp or 
xplsOm) . That is, the pulse train generating unit 21a 

20 can shift the phase of the pixel clock clkwO after the 
phase change by changing the phase by increasing the 
count value i while outputting the external pulse train 
xplsOm to the clock generating unit 22a. When 
considering one scan line in the main-scanning direction, 

25 the above-mentioned approach provides an effect that an 
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entire magnification is increased with Tm-7/8 (progress 
control) , where Tm is a time of an entire scan line. On 
the other hand, if the pulse train generating unit 21a 
outputs the external pulse train xplsOp to the clock 
5 generating unit 22a and changes the phase by decreasing 
the count value i, the frequency of the pixel clock 
clkwO is increases to 8/9 times (delay control) , which 
achieves a shift of the pixel clock clkwO after the 
phase change. When considering one scan line in the 

10 main-scanning direction, the above-mentioned approach 
provides an effect that an entire magnification is 
decreased with Tm+7/8 (delay control) . Thus, the 
optical scanning apparatus 10 does not depend on an 
environmental fluctuation, and the image forming 

15 apparatus is capable of forming an image accurately on a 
desired position on the photoconductor . 

It should be noted that although the 
relationship between the reference clock clkoO , the 
pixel clock clkwO and the external pulse train xplsO and 

20 the phase change of the pixel clock clkol have been 
explained with reference to FIG. 9, the relationship 
between the reference clock clkol, the pixel clock clkwl 
and the external pulse train xplsl and the phase change 
of the pixel clock clkwl are the same and description 

25 thereof will be omitted. 
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A description will now be given, with 
reference to FIG. 10, of structures of the pulse train 
generating units 21a and 21b. FIG. 10 is a block 
diagram of the pulse train generating units 21a and 21b 
5 according to the first embodiment of the present 
invention. 

First, the pulse train generating unit 21a 
will be described. The pulse train generating unit 21a 
comprises comparators 101 and 102, counters 103 and 104, 

10 and AND circuits 105 and 106. 

The counter 103 inputs the clear signal xlclrO 
produced by the clock generating unit 22a from the 
synchronization detection signal detp, counts the number 
of pulses of the pixel clocks clkwO similarly input from 

15 the clock generating unit 22a on the basis of the input 
time, and outputs the count value i to the comparator 
101 . 

The setting value prdO is input to the 
comparator 101 from the register 24, and is retained in 

20 the comparator 101. The comparator 101 compares the 
setting value prdO with the count value i from the 
counter 103, and generates and outputs the external 
pulse train xplsO when the count value i reaches the 
setting value prdO (or when the count value i becomes 

25 greater than the setting value prdO) . 



-56- 



The counter 104 receives the external pulse 
train xplsO output from the comparator 101, counts the 
number of times of inputs (number of times of 
generations of the external pulse train xplsO) , and 
5 outputs the count value j to the comparator 102. 

The setting value numO is input to the 
comparator 102 from the register 24, and is retained in 
the comparator 102. The comparator 102 compares the 
setting value numO with the count value j from the 

10 counter 104, and generates and outputs the stop signal 0 
for stopping the counting operation of the counter 103 
when the count value j reaches the setting value numO 
(or when the count value j becomes greater than the 
setting value numO) . 

15 The pulse xplsO is input to the AND circuit 

105 from the comparator 101. If the phase delay control 
signal phaseOp is supplied from the register 24 at this 
time, the AND circuit 105. outputs the input pulse xplsO 
to the clock generating unit 22a as a pulse xplsOp for 

20 the phase delay control . 

The pulse xplsO is input to the AND circuit 

106 from the comparator 101. If the phase delay control 
signal phaseOm is supplied from the register 24 at this 
time, the AND circuit 106 outputs the input pulse xplsO 

25 to the clock generating unit 22a as a pulse xplsOm for 
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the phase progress control . 

Next, the pulse train generating unit 21b will 
be described. The pulse train generating unit 21b 
comprises comparators 111 and 112, counters 113 and 114, 
5 and AND circuits 115 and 116. 

The counter 113 inputs the clear signal xlclrl 
produced by the clock generating unit 22b from the 
synchronization detection signal detp, counts the number 
of pulses of the pixel clocks clkwl similarly input from 
10 the clock generating unit 22b on the basis of the input 
time, and outputs the count value m to the comparator 
111 . 

The setting value prdl is input to the 
comparator 111 from the register 24, and is retained in 

15 the comparator 111. The comparator 111 compares the 
setting value prdl with the count value m from the 
counter 113, and generates and outputs the external 
pulse train xplsl when the count value m reaches the 
setting value prdl (or when the count value m becomes 

20 greater than the setting value prdl) . 

The counter 114 receives the external pulse 
train xplsO output from the comparator 111, counts the 
number of times of inputs (number of times of 
generations of the external pulse train xplsl) , and 

25 outputs the count value n to the comparator 112. 
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The setting value numl is input to the 
comparator 112 from. the register 24, and is retained in 
the comparator 112. The comparator 102 compares the 
setting value numl with the count value n from the 
5 counter 114, and generates and outputs the stop signal 1 
for stopping the counting operation of the counter 113 
when the count value n reaches the setting value numl 
(or when the count value n becomes greater than the 
setting value numl) . 
10 The pulse xplsl is input to the AND circuit 

115 from the comparator 111. If the phase delay control 
signal phaseOp is supplied from the register 24 at this 
time, the AND circuit 115 outputs the input pulse xplsl 
to the clock generating unit 22b as a pulse xplslp for 

15 the phase delay control. 

The pulse xplsl is input to the AND circuit 

116 from the comparator 111. If the phase delay control 
signal phaselm is supplied from the register 24 at this 
time, the AND circuit 116 outputs the input pulse xplsl 

20 to the clock generating unit 22b as a pulse xplslm for 
the phase progress control. 

A description will now be given, with 
reference to FIG. 9 and FIG. 11, of an operation to 
generate the external pulse trains xplsO and xplsl by 

25 the pulse train generating units 21a and 21b according 
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to the present embodiment. FIG. 11 is a flowchart of 
operations of the pulse train generating units 21a and 
21b according to the first embodiment of the present 
invention . 

5 First, the counters 103 and 104 reset the 

count values i and j to "1", respectively, when a power 
is supplied to the pulse train generating unit 21a (step 
S101) . 

Thereafter, the counter 103 waits for an input 
10 the clear signal xlclrO (No of step S102) , and after the 
clear signal xlclrO is input (Yes of step S102) , the 
counter 103 counts up or increments (+1) the count value 
i by 1 each time the pixel clock clkwO is input (step 
S103) . 

15 The comparator 101 performs the process of 

step S103 until the count value i reaches the setting 
value prdO (No of step S104) . 

The comparator 101 generates the pulse xplsO 
when the count value i reaches the setting value prdO 

20 (or when the count value i becomes greater than the 

setting value prdO) . The counter 103 returns the count 
value i to "1" upon input of the pulse xplsO (step S105). 
The pulse xplsO generated by the comparator 101 is 
supplied to the AND circuits 105 and 106. At this time, 

25 when setting the pulse xplsO as xplsOp for a phase delay 
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control, the phase delay control signal phaseOp is 
supplied to the AND circuit 105. On the other hand, 
when setting the pulse xplsO as xplsOm for a phase 
progress control, the phase progress control signal 
5 phaseOm is supplied to the AND circuit 106. The AND 

circuit 105 outputs the pulse xplsOp for the phase delay 
control to the clock generating unit 22a if the phase 
delay control signal phaseOp is input when the pulse 
xplsO is supplied. The AND circuit 106 outputs the 

10 pulse xplsOm for the phase progress control to the clock 
generating unit 22b if the phase, progress control signal 
phaseOm is input when the pulse xplsO is supplied. 

As a result of comparison of the comparator 
102 comparing the count value j of the counter 104 with 

15 the setting value nuraO, if the count value j has not 

reached the setting value numO or the count value j is 
smaller than the setting value numO (No of step S106) , 
the counter 104 counts up or increments (+1) the count 
value j when the pulse xplsO is input (step S107) . 

20 Thereafter, the counters 103 and 104 and the 

comparator 101 repeat the above-mentioned operations, 
and if the count value j reaches the setting value numO 
(Yes of step S106) , the comparator 102 generates the 
stop signal 0 and outputs the stop signal 0 to the 

25 counter 103. When the stop signal 0 is supplied to the 



-61- 



counter 103, the counter 103 stops the count operation. 

Next, the counters 113 and 114 reset the count 
values m and n to xx l", respectively, when a power is 
supplied to the pulse train generating unit 21b (step 
5 S108) . 

Thereafter, the counter 113 waits for an input 
the clear signal xlclrl (No of step S109) , and after the 
clear signal xlclrl is input (Yes of step S109) , the 
counter 113 counts up or increments (+1) the count value 
10 m by 1 each time the pixel clock clkwl is input (step 
S110) . 

The comparator 111 performs the process of 
step S113 until the count value m reaches the setting 
value prdl (No of step Sill) . 

15 The comparator 111 generates the pulse xplsl 

when the count value m reaches the setting value prdl or 
when the count value m becomes greater than the setting 
value prdl (Yes of step Sill) . The counter 113 returns 
the count value m to "1" upon input of the pulse xplsl 

20 (step S112) . 

As a result of comparison of the comparator 
112 comparing the count value n of the counter 104 with 
the setting value numl , if the count value n has not 
reached the setting value numl or the count value n is 

25 smaller than the setting value numl (No of step S113) , 
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the counter 114 counts up or increments (+1) the count 
value n when the pulse xplsl is input (step S114) . 

Thereafter, the counters 113 and 114 and the 
comparator 111 repeat the above-mentioned operations, 
5 and if the count value n reaches the setting value numl 
(Yes of step S113) , the comparator 112 generates the 
stop signal 1 and outputs the stop signal 1 to the 
counter 113. When the stop signal 1 is supplied to the 
counter 113 , the counter 113 stops the count operation. 

10 It should be noted that besides the above- 

mentioned method, there is a method of generating a 
fixed pulse train using a random access memory (RAM) 
table to output data by counting addresses with the 
pixel clocks clkwO and clkwl . 

15 Additionally, although the pulse train 

generating unit 21b starts the operation of generating 
the external pulse train xplsl after the pulse train 
generating unit 21a ended the operation of generating 
the external pulse train xplsO in the example of FIG. 11, 

20 the operations of the pulse train generating units 21a 
and 21b can be performed concurrently. 

FIG. 12 is a timing chart showing a 
relationship between the clear signal xlclrO and the 
external pulse train xplsO according to the first 

25 embodiment of the present invention. 
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As shown in FIG. 12 , the pulse train 
generating unit 21a starts the output of the external 
pulse train xplsO after the setting value prdO has 
passed after the input of the clear signal xlclrO. At 
5 this time, the pulse train generating unit 21a outputs 
the external pulse train xplsO having a pulse width of 
lclkwO until an input of a following external pulse 
train xplsO at a period prdO with a number of pulses 
numO . 

10 Although the image forming apparatus performs 

scanning using the two laser light sources LDO and LD1 
in the present embodiment, the number of laser is not 
limited to two and three or more laser light sources may- 
be used. In such a case, a laser light source driver, a 

15 pulse train generating unit and a clock generating unit 
are provided for each laser. light source so as to 
perform a phase change on an individual laser light 
source basis. 

As explained above, according to the present 

20 embodiment, in the image forming apparatus using two or 
more laser light sources so as to perform image 
formation according to a multi-beam method, the pulse 
train generating unit and the clock generating unit are 
provided for each laser light source so as to perform 

25 the phase change of the laser beams on an individual 
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laser light source basis. Each pulse train generating 
unit and each clock generating unit perform the phase 
change of the pixel clock, which controls a projection 
timing of the laser beam of the laser light sources, 
5 respectively, based on the predetermined setting values 
(setting values indicating the period and the number of 
the phase changes) . Therefore, even if the wavelengths 
of the laser beams projected from a plurality of laser 
light sources provided in the image forming apparatus 
10 are different from each other, a high-quality image can 
be formed on a medium to be scanned by using a common 
optical system. 



(Second Embodiment) 

15 In the first embodiment of the present 

invention, the synchronization detection unit 15, which 
aligns the scan start positions in the main scanning 
direction, outside the area of the surface of the 
photoconductor 11 to be scanned along the scanning paths 

20 of the laser beams in the main-scanning direction. In 
the second embodiment of the present invention, two 
synchronization detection units (a front-end 
synchronization detection unit 16 and a rear-end 
synchronization detection unit 17) are provided outside 

25 the area of the surface of the photoconductor 11 to be 
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scanned along the scanning paths of the laser beams in 
the main-scanning direction. By measuring the time (the 
number of clocks) corresponding to a scan between the 
front-end synchronization detection unit 16 and the 
5 rear-end synchronization detection units 17, an error in 
the write magnification of the laser light sources LDO 
and LD1 is measured. 

A description will now be given, with 
reference to FIG. 13, of a structure of an image forming 

10 apparatus according to the second embodiment. FIG. 13 
is a block diagram of the image forming apparatus 
according to the second embodiment of the present 
invention. It should be noted that, unless it is 
specifically mentioned below, the structure and 

15 operation of the image forming apparatus according to 

the present embodiment are the same as that of the first 
embodiment of the present invention. 

As shown in FIG. 13, the image forming 
apparatus comprises an optical scanning apparatus 10, a 

20 data control apparatus 20, a CPU 30, a printer 

controller 40, and an operation unit 50 serving as input 
means. It should be noted the structure of the image 
forming apparatus shown in FIG. 13 is simplified, and 
the image forming apparatus may comprise parts other 

25 than the parts shown in FIG. 8. 



-66- 



Th e optical scanning apparatus 10 performs 
image formation by laser beams. The optical scanning 
apparatus comprises a photoconductor 11 serving as a 
medium to be scanned, an f0 lens 12, a polygon mirror 13 
5 serving as rotational deflection means, laser light 
source drivers 14a and 14b , the front-end 
synchronization detection unit 16 as synchronous 
detection means and a rear-end synchronization detection 
unit 17 , and laser light sources LDO and LD1 . 

10 The optical scanning apparatus 10 according to 

the present embodiment is provided with the front-end 
synchronization detection unit 16 and the rear-end 
synchronization detection unit 17 instead of the 
synchronization detection unit 15 in the first 

1 5 embodiment . 

The front-end synchronization detection unit 
16 is provided outside (immediately preceding the scan 
start position) the image area of the surface of the 
photoconductor 11 to be scanned along the paths of the 

20 laser beams in the main-scanning direction . Similar to 
the synchronization detection unit 15 in the first 
embodiment, the front-end synchronization detection unit 
16 detects the laser beams transmitting through the fO 
lens 12 and irradiated thereon. Upon detection of the 

25 laser beams from the laser light sources LDO and LD1 , 
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the front-end synchronization detection unit 16 
generates the synchronization detection signal detp, 
which specifies the write start positions of the laser 
beams in the main-scanning direction (for aligning the 
5 write start positions always at the same position on the 
surface to be scanned) , and outputs the signal detp to 
the data control apparatus 20. 

The rear-end synchronization detection unit 17 
is provided outside (immediately proceeding the scan 

10 start position) the image area of the surface of the 

photoconductor 11 to be scanned along the paths of the 
laser beams in the main-scanning direction. The rear- 
end synchronization detection unit 17 detects the laser 
beams from the laser light source LDO and LD1 after 

15 scanning of one scan period is completed. The rear-end 
synchronization detection unit 17 outputs, when 
detecting the laser beams, a scan end signals edpO and 
edpl , which indicate the completion of the scan 
corresponding to one scanning period (one scan line) , to 

20 scanning time measuring units 25a and 25b. 

It is assumed that other parts provided in the 
optical scanning apparatus 10 have the same structures 
as the first embodiment, and performs the same 
operations . 

25 The data control apparatus 20 outputs the 
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image signal for controlling the laser light source 
drivers 14a and 14b so as to control the laser beam 
write operation performed by the optical scanning 
apparatus 10. The data control apparatus 20 comprises 
5 pulse train generating units 21a and 21b serving as scan 
time measuring means, clock generating units 22a and 22b 
serving as pixel clock generating means , an image data 
processing unit 23, a register 24, and the, scan time 
measuring units 25a and 25b serving as scan time 

10 measuring means. 

The data control apparatus 20 according to the 
second embodiment has the same structure as the data 
control apparatus 20 according to the first embodiment 
except for the scan time measuring units 25a and 25b 

15 added thereto. 

Similar to the first embodiment, the clock 
generating unit 22a outputs the pixel clock clkwO and 
the clear signal xlclrO to the pulse train generating 
unit 21a, and also outputs the pixel clock clkwO and the 

20 clear signal xlclrO to the scan time measuring unit 25a. 

The clock generating unit 22b outputs the 
pixel clock clkwl and the clear signal xlclrl to the 
pulse train generating unit 21b, and also outputs the 
pixel clock clkwl and the clear signal xlclrl to the 

25 scan time measuring unit 25b. 
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The pixel clock clkwO and the clear signal 
xlclrO are supplied to the scan time test measuring unit 
25a from the clock generating unit 22a. Additionally, 
the scan end signal depO.is supplied to the scan time 
5 measuring unit 25a from the rear-end synchronization 
detection unit 17. The scan time measuring unit 25a 
measures the time (the number of pulses of the pixel 
clock) TO (measured value TO: TO is a positive integer) 
after the clear signal xlclrO is input until the scan 

10 end signal edpO is input, and outputs the measure value 
TO to the register 24. 

The pixel clock clkwl and the clear signal 
xlclrl are input to the scan time measuring unit 25b 
from the clock generating unit 22b. Additionally, the 

15 scan end signal depl is supplied to the scan time 

measuring unit 25b from the rear-end synchronization 
detection unit 17. The scan time measuring unit 25b 
measures the time (the number of pulses of the pixel 
clock) Tl (measured value Tl : Tl is a positive integer) 

20 after the clear signal xlclrl is input until the scan 

end signal edpl is input, and outputs the measure value 
Tl to the register 24. 

The register 24 serves as a memory medium 
temporarily storing, in addition to the setting values 

25 prdO , prdl, numO and numl set by the CPU 30, the 
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measured values TO and Tl supplied from the respective 
scan time measuring unit 25a and 25b. Additionally, the 
register 24 retains a reference value Tref, which 
indicates a time period after the clear signal xlclrO is 
5 input until the scan end signal edpO is input in a state 
where there is no error in the write magnification. The 
reference value Tref is a positive integer indicating a 
predetermined time period (number of clock pulses) . The 
register 24 outputs the setting values prdO and numO to 

10 the pulse train generating unit 21a, and outputs the 
setting values prdl and numl to the pulse train 
generating unit 21b. 

The CPU 30 is a microcomputer, which comprises 
a central processing unit, a program ROM, etc., and 

15 generally controls an entire engine unit containing the 
optical scanning apparatus 10 and the data control 
apparatus 20. The CPU 30 serves as scan time comparison 
means and setting value computation means. Similar to 
the first embodiment, the CPU 30 sets the setting values 

20 prdO , prdl, numO and numl input through the operation 

unit 50 to the register 24. In the present embodiment, 
the CPU 30 further computes a difference between the 
write magnifications of the laser light sources LD0 and 
LD1 using the reference value Tref and measured values , 

25 TO and Tl retained in the register 24. Based on the 
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difference between the write magnifications, the CPU 30 
computes new setting values prdO , prdl , numO and numl , 
and sets them in the register 24. The pulse train 
generating unit 21a newly generates the external pulse 
5 train xplsO based on the setting values prdO and numO 
newly set in the register 24. Similarly, the pulse 
train generating unit 21b newly generates the external 
pulse train xplsl based on the setting values prdl and 
numl newly set in the register 24. Thus, according to 

10 the present embodiment, the time period after the laser 
beams are incident on the front-end synchronization 
detection unit 16 until the laser beams are incident on 
the rear-end synchronization detection unit 17 is 
measured, the differences between the reference value 

15 Tref and each of the measured values TO and Tl are 

computed, and a number of pulses of the external pulse 
train to be generated is determined based on the 
computed differences. Therefore, the write 
magnification difference caused by a plurality of laser 

20 light sources can be automatically corrected, which 

enables an easy control of a deterioration of an image 
caused by the write magnification difference. 

A description will now be given, with 
reference to FIGS. 14, 15A and 15B, of an operation of 

25 measuring the measured value TO and Tl of the laser 
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light sources LDO and LD1 by the scan time measuring 
units 25a and 25b. FIG. 14 is a time chart showing the 
signals output from the front-end synchronization 
detection unit 16 and the rear-end synchronization 
5 detection unit 17 according to the second embodiment of 
the present invention. FIG. 15A is an illustration 
showing a positional relationship between the laser 
light sources LDO and LD1 according to the second 
embodiment of the present invention. FIG. 15B is an 

10 illustration showing the laser beam irradiation by the 
laser light sources LDO and LD1 according to the second 
embodiment of the present invention. 

As shown in FIG. 14, the front-end 
synchronization detection unit 16 and the rear-end 

15 synchronization detection unit 17 detect incidence of 
the laser beams projected from the laser light sources 
LDO and LD1 . At this time, the front-end 
synchronization detection unit 16 and the rear-end 
synchronization detection unit 17 detect the laser beam 

20 from the laser light source LD1 after the detection of 
the laser beam from the laser light source LDO. 

A description will be given of a structure in 
which the front-end synchronization detection unit 16 
and the rear-end synchronization detection unit 17 

25 always detect the laser beam from the laser light source 



-73- 



DO prior to the laser beam from the laser light source 
Dl . 

As shown in FIGS. 15A and 15B, the laser light 
source LDO is located at a distance Wx apart from the 
5 laser light source LD1 in the main-scanning direction. 
Using the distance Wx, positions on the polygon mirror 
13 on which the laser beams are incident are shifted 
from each other. That is, the laser beam from the laser 
light source LDO is caused to be incident on a position 

10 on the upstream side of a position on which the laser 
beam from the laser light source LD1 is incident in a 
rotating direction of the polygon mirror 13. Thus, the 
laser beam from the laser light source LDO is caused to 
always be incident on the front-end synchronization 

15 detection unit 16 and the rear-end synchronization 

detection unit 17 at an earlier timing than the laser 
beam from the laser light source LD1 . 

Moreover, it is also possible to cause the 
laser beam from the laser light source LDO always be 

20 incident on the front-end synchronization detection unit 
16 and the rear-end synchronization detection unit 17 at 
an earlier timing than the laser beam from the laser 
light source LD1 by controlling the laser light sources 
LDO and LD1 so that the laser light source DO always 

25 projects the laser beam earlier than the laser light 
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source LD1 . A description will be given below of such 
an operation. 

First, the laser light source LDO projects a 
laser beam. Upon detection of the incidence of the 
5 laser beam (from the laser light source LDO) , the front- 
end synchronization detection unit 16 outputs a signal, 
which indicates that the laser beam from the laser light 
source LDO is incident, to the laser light source driver 
14b. Upon reception and recognition of the signal 

10 indicating the incidence of the laser beam from the 

laser light source LDO, the laser light source driver 
14b starts projection of the laser beam of the laser 
light source LD1 . Thus, since laser light source LD1 
projects the laser beam after the laser beam from the 

15 LDO is detected by the front-end synchronization 

detection unit 16, it becomes possible to always cause 
the laser beam from the laser light source LDO always be 
incident on the front-end synchronization detection unit 
16 and the rear-end synchronization detection unit 17 at 

20 an earlier timing than the laser beam from the laser 
light source LD1 . 

The image forming apparatus may have one or 
both of the above-mentioned two mechanisms (the 
adjustment of the incidence position to the polygon 

25 mirror 13 and the adjustment of the projection timing of 
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the laser beams) . 

A description will now be given, with 
reference to FIG. 16, of a structure of the scan time 
measuring units 25a and 25b. FIG. 16 is a block diagram 
5 of the scan time measuring units 25a and 25b according 
to the second embodiment of the present invention. 

The scan time measuring unit 25a comprises a 
counter 2.01 and a latch 202. , The pixel clock clkwO and 
the clear signal xlclrO are supplied to the counter 201 

10 from the clock generating unit 22a. The scan end signal 
edpO is supplied to the latch 202 from the rear-end 
synchronization detection unit 17. The counter 201 
starts a count of the pixel clock clkwO on the basis of 
the time of the clear signal xlclrO being supplied 

15 thereto. The latch 202 latches the count value (the 

number of pulses of the pixel clock) of the counter 201 
at the input time when the scan end signal edpO is 
supplied thereto. The latch 202 outputs the count value 
as the measured value (time) TO to the register 24. The 

20 count value corresponds to a number of pulses of the 
pixel clock from the time the clear signal xlclrO is 
input to the counter 201 to the time the scan end signal 
endpO is input to the latch 202. 

The scan time measuring unit 25b comprises a 

25 counter 211 and a latch 212. The pixel clock clkwl and 
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th e clear signal xlclrl are supplied to the counter 211 
from the clock generating unit 22b. The scan end signal 
edpl is supplied to the latch 212 from the rear-end 
synchronization detection unit 17. The counter 211 
5 starts a count of the pixel clock clkwl on the basis of 
the time of the clear signal xlclrl being supplied 
thereto. The latch 212 latches the count value (the 
number of pulses of the pixel clock) of the counter 211 
at the input time when the scan end signal edpl is 

10 supplied thereto. The Latch 212 outputs the count value 
as the measured value (time) Tl to the register 24. The 
count value corresponds to a number of pulses of the 
pixel clock from the time the clear signal xlclrl is 
input to the counter 211 to the time the scan end signal 

15 edpl is input to the latch 212. 

A description will now be given, with 
reference to FIG. 17, of an operation to adjust the 
phase of the pixel clock clkwO by the image forming 
apparatus according to the present embodiment. FIG. 17 

20 is a flowchart of the phase adjusting operation of the 
pixel clock by the image forming apparatus according to 
the second embodiment of the present invention. 

First, the front-end synchronization detection 
unit 16 performs a detection operation until a laser 

25 beam is detected (No of step S201) , and if a first laser 
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bearn (the laser beam from the laser light source LDO) is 
detected (Yes of step S201) , the front-end 
synchronization detection unit 16 outputs the 
synchronization detection signal detp to the clock 
5 generating unit 22a. The clock generating unit 22a 
generates the clear signal xlclrO on the basis of the 
time of the synchronization detection signal detp being 
input thereto, and outputs the generated clear signal 
xlclrO to the scan time measuring unit 25a. 

10 The counter 201 of the scan time measuring 

unit 25a starts the count of the pixel clock clkwO on 
the basis of the time of the clear signal xlclrO being 
input thereto (step S202) . 

The rear-end synchronization detection unit 17 

15 performs a detection operation until a laser beam is 
detected (No of step S203) , and if a first laser beam 
(the laser beam from the laser light source LDO) is 
detected (Yes of step S203) the rear-end 
synchronization detection unit 17 outputs the scan end 

20 signal detpO to the scan time measuring unit 25a. The 
latch 202 of the scan time measuring unit 25a latches 
the count value of the counter 201 at the time when the 
scan end signal edpO is supplied thereto (step S204) . 
The count value latched at this time indicates the 

25 number of pulses of the pixel clock from the time when 
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the clear signal xlclrO is input to the counter 201 to 
the time when the scan end signal edpO is input to the 
latch 202, that is , the number of pulses of the pixel 
clock from the time when the laser beam of the laser 
5 light source LDO is incident on the front-end 

synchronization detection unit 16 to the time when the 
laser beam of the laser light source LDO is incident on 
the rear-end synchronization detection unit 17. The 
latched count value is retained in the register 24 as 

10 the measured value TO. 

Next, the CPU 30 computes the number of pulses 
to be increased or decreased by the pulse train 
generating unit 21a by using the measured value TO, the 
reference value Tref and a phase unit retained in the 

15 register 24 (step S205) . It should be noted that the 
phase unit is a minimum unit that is capable of 
increasing or decreasing a phase shift of the pixel 
clock, and is represented by (frequency of pixel 
clock) / (frequency of basic clock). For example, in the 

20 example shown in FIG. 9, one pixel clock clkwO includes 
eight basic clocks clokO . In this case, since the phase 
control can be performed by a unit of lclko, that is, a 
unit of 1/8 clock, the phase unit is "1/8". 

A description will now be given of a method of 

25 computing the number of the output pulses that is 
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increased or decreased by the pulse train generating 
unit 21a. The CPU 30 calculates (measured value T0- 
ref erence value Tref ) / (phase unit) so as to compute the 
number of pulsed to be increased or decreased. For 
5 example, if the measured value TO is "8(clkw)", the 

reference value is "5 (clkw) " and the phase unit is "1/8" , 
the CPU computes as (8-5)X8=24. 

The CPU 30 newly sets the setting values prdO 
and numO and writes them in the register 24 so that the 

10 pulse train generating unit 21a increases or decreases 
the number of the output pulses computed (step S206) . 
For example, as mentioned above, since the computed 
value is positive if the computed value is "24" , the CPU 
30 newly sets the setting values prdO and numO (last 

15 numO + computed value (24) ) in the register 24 so that 
the number of output pulses is increased by "24" , and 
outputs the phase progress control signal phaseOm to the 
pulse train generating unit 21a. If the computed value 
is negative, the CPU 30 newly sets the setting values 

20 prdO and numO (last numO + computed value (a negative 

integer) in the register 24 so, that the number of output 
pulses is decreased by "the negative integer", and 
outputs the phase delay control signal phaseOp to the 
pulse train generating unit 21a. 

25 It should be noted that the CPU 30 newly sets 
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the setting values prdO and numO , which satisfy the 
condition "xlclrO interval > prdOxnumO" so that the 
number num of the output pulses are contained in the 
interval (one scan period) of the clear signal xlclrO. 
5 The process shown in FIG. 17 may be repeated 

each time a laser beam is detected by the front-end 
synchronization detection unit 16 and the rear-end 
synchronization detection unit 17 (each time the 
measured value TO is generated) . In such a case, it 

10 becomes possible to correct write errors caused by the 
laser light sources by adjusting the phase of the pixel 
clock on an individual main-scanning line basis. 

Although the phase change operation of the 
pixel clock clkw has been explained in the above 

15 descriptions, the phase change operation of the pixel 
clock clkwl can also be performed in the same manner. 
That is, the setting values prdl and numl are set after 
measuring the number of pixel clocks after the laser 
beam of the laser light source LD1 is incident on the 

20 front-end synchronization detection unit 16 until the 

laser beam of the laser light source LD1 is incident on 
the rear-end synchronization detection unit 17. 

Moreover, although description has been given 
in the present embodiment of the case where the image 

25 forming apparatus performs a scanning operation using 
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the two laser light sources LDO and LD1 , the number of 
laser light sources is not limited to two, and more than 
three laser light sources can be used to perform the 
scanning operation. In such a case, the image forming 
5 apparatus is provided with U scan time measuring units, 
U laser light source drivers, U pulse train generating 
units and U clock generating units, where U is an 
integer greater than two, so that each scan time 
measuring unit measures a time period from the time when 

10 a laser beam of the corresponding laser light source is j 
incident on the front-end synchronization detection unit 
16 until the laser beam is incident on the rear-end 
synchronization detection unit 17. The CPU 30 sets the 
setting values of each laser light source using the 

15 measured values. 

As explained above, according to the present 
embodiment, the measured values TO and Tl (numbers of 
pixel clocks) from the time when the laser beams of the 
laser light sources LDO and LD1 are detected by the 

20 front-end synchronization detection unit 16 until the 

laser beams are detected by the rear-end synchronization 
detection unit 17 so as to compute the number of pulses 
of the pulse xplsO and xplsl, which are generated and 
output by the pulse train generating units 21a and 21b, 

25 to be increased or decreased in accordance with the 
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measured values TO and Tl . The pulse train generating 
units 21a and 21b output the external pulse trains xplsO 
and xplsl based on the number of the pulses to be 
increased or decreased, respectively. Therefore, an 
5 operation of an operator to input the setting values 
prdO , prdl , nurnO and numl can be omitted, and it is 
possible to easily correct the write magnification 
difference, which is caused by a difference in 
wavelength between more than two laser light sources 

10 (laser light sources LDO and LD1 ) . Moreover, even in a 
case where a write error of the laser light sources 
occurs due to an environmental fluctuation with time 
such as a temperature change during operation of the 
image forming apparatus, the correction of the write 

15 error can be performed on an individual scan line basis, 
which enables formation of an accurate image. 

(Third Embodiment) 

In the first embodiment of the present 
20 invention, the setting values (setting values prdO , prdl, 
numO , and numl) are input for each laser light source. 
On the other hand, in the present embodiment, it is 
possible to easily correct a write error of each laser 
light source, even in a case where the image forming 
25 apparatus has more than two laser light sources, by 
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merely inputting setting values (an interval of the 
external pulse train and a number of pulses to be 
generated) to only one of the laser light sources. 

A description will be given below of a 
5 structure and an operation of the image forming 
apparatus according to the present embodiment. 

The image forming apparatus according to the 
present embodiment performs image formation using more 
than two laser light sources and sharing one optical 

10 system. If a write error due to more than two laser 

light sources is caused by a distortion of a lens in an 
optical system that is common to the laser light sources, 
a write magnification difference between more than two 
laser light sources, that is, the relative reference in 

15 the setting values (an interval of the external pulse 
train and a number of pulses to be generated) does not 
change due to environmental fluctuations . In such a 
case, the image forming apparatus is capable of 
correcting the write error difference of all of the 

20 laser light sources by merely inputting the setting 
values with respect to only one of the laser light 
sources by storing information indicating relative 
differences between the setting values of the laser 
light sources. 

25 FIG. 18 is a block diagram of the image 
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forming apparatus according to the third embodiment of 
the present invention. It should be noted that the. 
structure and operation of the image forming apparatus 
according to the present embodiment are the same as that 
5 of the image forming apparatus according to the above- 
mentioned first embodiment except for the parts 
specifically described below. 

As shown in FIG. 18, the image forming 
apparatus comprises an optical scanning apparatus 10, a 

10 data control apparatus 20, a CPU 30 serving as scan time 
comparison means or setting value computation means, a 
printer controller 40, and an operation unit 50 serving 
as input means. It should be noted that the structure 
of the image forming apparatus shown in FIG. 18 is 

15 simplified, and the image forming apparatus may have 

structural parts other than the parts shown in FIG. 18. 

The optical scanning apparatus 10 uses laser 
beams to form an image, and comprises a photoconductor 
11 serving as a medium to be scanned, an f8 lens 12, a 

20 polygon mirror 13 serving as rotational deflection means, 
laser light source drivers 14a and 14b, a • 
synchronization detection unit 15 serving as 
synchronization detection means, and laser light sources 
LD0 and LDl . 

2 5 The data control apparatus 20 outputs an image 
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signal for controlling the laser light source drivers 
14a and 14b so as to control a laser beam write 
operation performed by the optical scanning apparatus 10. 
The data control apparatus 20 comprises pulse train 
5 generating units 21a and 21b serving as phase control 
means, clock generating units 22a and 22b serving as 
pixel clock generation means, an image data processing 
unit 23, and a register 24 serving as setting value 
retaining means . 

10 The register 24 according to the present 

embodiment retains further setting values for the laser 
light source LD1 and difference setting values prdld 
(setting value prdl of LD1 - setting value prdO of LDO) 
and numld (setting value numl of LD1 - setting value 

15 numO of LDO) . That is, the difference setting value 

prdld corresponds to a difference in a pulse generation 
interval (pixel clock number) between the laser light 
source LD1 and the laser light source LDO, and the 
difference setting value numld corresponds to a 

20 difference in a number of pulses between the laser light 
source LD1 and the laser light source LDO. It should be 
noted that the difference setting values prdld and numld 
are set to integers . 

A description will now be given, with 

25 reference to FIGS. 18 through 20, of an operation of 
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setting the setting values of each laser light source in 
the image forming apparatus according to the third 
embodiment of the present invention. FIG. 19 is an 
illustration showing the setting operation of the 
5 setting values of the laser light sources LDO and LD1 
according to the third embodiment of the present 
invention. FIG. 20 is a flowchart of the setting 
operation of the setting values of the laser light 
sources LDO and LD1 according to the third embodiment of 

10 the present invention. 

First, the operation unit 50 supplies the 
setting value prdO (an interval of generation of the 
external pulse train) of the laser light source LDO, and 
the setting value numO (a number of pulses of the 

15 external pulse train to be generated) in accordance with 
an operation of an operator. 

The CPU 30 determines whether or not the 
setting values prdO and numO of the laser light source 
LDO are supplied (step S301) . If it is determined that 

20 the setting values prdO and numO have not been supplied 
(No of step S301) , the operation of step S301 is 
repeated . 

When the CPU 30 recognizes an input of the 
setting values prdO and numO (Yes of step S201) , the CPU 
25 30 reads the difference setting values prdld and numld 
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(step S302) . 

Then, the CPU 30 computes the setting value 
prdl of the laser light source LD1 by adding the 
difference setting value prdld to the setting value prdO 
5 of the laser light source LDO . Additionally, the CPU 30 
computes the setting value numl of the laser light 
source LD1 by adding the difference setting value numld 
of LDO to the setting value numO of the laser light 
source LDO (step S303) . 

10 Although the image forming apparatus according 

to the present embodiment uses two laser light sources 
LDO and LD1 to perform the scanning operation, the 
number of laser light sources is not limited to two and 
three or more laser light sources may be used to perform 

15 a scanning operation. In such as case, the image 
forming apparatus is provided with the laser light 
driver, the pulse train generating unit and the clock 
generating unit for each laser light source. 
Additionally, the register 24 retains the difference 

20 setting value with respect to one of the laser light 

sources for each of the laser light sources so that the 
CPU 30 sets the setting values to each of the laser 
light sources by using the difference setting values 
retained in the register 24. 

25 As mentioned above, according to the present 
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embodiment, information (difference setting values) 
indicating a relative difference between each of the 
laser light sources and one reference laser light source 
is previously stored for each of the laser light sources, 
5 and if the setting values of the reference laser light 
source are input prior to a start of a laser bam 
scanning, the setting values of other laser light 
sources are computed and set in accordance with the 
previously stored difference setting values. Therefore, 
10 the setting value of other laser light sources are 

automatically set merely by setting the setting values 
of one of the laser light source, and the write 
magnification difference of each laser light source can 
be corrected easily. 

15 

(Fourth Embodiment) 

An image forming apparatus according to a 
fourth embodiment of the present invention can be 
achieved by the image forming apparatus according to the 

20 second embodiment of the present invention, which is 

configured and arranged to be capable of performing the 
setting operation of the setting values that is 
performed by the image forming apparatus according to 
the third embodiment of the present invention. 

25 A description will now be given, with 
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reference to FIG. 21, of a structure of the image 
forming apparatus according to the fourth embodiment of 
the present invention. FIG. 21 is a block diagram of 
the image forming apparatus according to the fourth 
5 embodiment of the present invention. It should be noted 
that the structure and operation of the image forming 
apparatus according to the present embodiment are the 
same as that of the image forming apparatus according to 
the second embodiment-, except for the parts specifically 

10 described below. 

As shown in FIG. 21, the image forming 
apparatus comprises an optical scanning apparatus 10 , a 
data control apparatus 20, a CPU 30, a printer 
controller 40, and an operation unit 50. It should be 

15 noted that the structure of the image forming apparatus 
shown in FIG. 21 is simplified, and the image forming 
apparatus may have structural parts other than the parts 
shown in FIG. 21. 

The optical scanning apparatus 10 uses laser 

20 beams to form an image, and comprises a photoconductor 
11 serving as a medium to be scanned, an fG lens 12, a 
polygon mirror 13 serving as rotational deflection means, 
laser light source drivers 14a and 14b, a front-end 
synchronization detection unit 16 and a rear-end 

25 synchronization detection unit 17 serving as 
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synchronization detection means, and laser light sources 
LDO and LD1 . 

The data control apparatus 20 outputs an image 
signal for controlling the laser light source drivers 
5 14a and 14b so as to control a laser beam write 

operation performed by the optical scanning apparatus 10. 
The data control apparatus 20 comprises pulse train 
generating units 21a and 21b serving as phase control 
means, clock generating units 22a and 22b serving as 

10 pixel clock generation means, an image data processing 
unit 23, a register 24, and a scan time measuring unit 
25a serving as scan time measurement measuring means . 

The register 24 according to the present 
embodiment retains, similar to the third embodiment, 

15 setting values for the laser light source LD1 and 

difference setting values prdld (setting value prdl of 
LD1 - setting value prdO of LDO) and numld (setting 
value numl of LD1 - setting value numO of LDO) . 

A description will now be given, with 

20 reference to FIGS. 22, of an operation of setting the 
setting values of the setting values pedO , prdl, numO 
and numl performed by the CPU 30 according to the 
present embodiment. FIG. 22 is a flowchart of the 
setting operation of the setting values performed by the 

25 image forming apparatus according to the third 
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embodiment of the present invention. 

First, the CPU. 30 newly sets the setting 
values prdO and numO of the laser light source LDO in 
accordance with the measured value TO that indicates the 
5 pixel clock number from the time when the laser beam of 
the laser light source LDO is incident on the front-end 
synchronization detection signal 16 to the time when the 
laser beam of the laser light source is incident on the 
rear-end synchronization detection signal 17 (step S401) . 

10 It should be noted that the process of step S401 can be 
the same as the process shown in FIG. 18. 

Then, the CPU 30 computes the setting values 
prdl and numl of the laser light source LD1 in 
accordance with the newly set setting values prdO and 

15 numO of the laser light source LDO and the difference 
setting values prdld and numld and the phase unit 
previously retained in the register 24, and writes the 
setting values prdl and num 1 in the register 24 (No of 
step S403) . 

20 The CPU 30 newly computes the setting values 

prdO, prdl, numO and numl each time, a new measured value 
TO is input (Yes of step S403) . If there is no input of 
a new measured value TO (No of step S403) , the setting 
operation of the setting values is ended. 

25 Although the image forming apparatus according 
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to the present embodiment uses two laser light sources 
LDO and LD1 to perform the scanning operation, the 
number of laser light sources is not limited to two and 
three or more laser light sources may be used to perform 
5 a scanning operation. In such as case, the image 
forming apparatus is provided with the laser light 
driver, the pulse train generating unit and the clock 
generating unit for each laser light source. 
Additionally, the register 24 retains the difference 

10 setting value with respect to one of the laser light 

sources for each of the laser light sources so that the 
CPU 30 sets the setting values to each of the laser 
. light sources by using the difference setting values 
retained in the register 24. 

15 As explained above, according to the present 

embodiment, the measured value TO (pixel clock number) 
from the time when the laser beams of the laser light 
source LDO is detected by the front-end synchronization 
detection unit 16 until the laser beam is detected by 

20 the rear-end synchronization detection unit 17 is 

measured so as to set the setting values prdO an dnumO 
of the laser light source LDO by using the measured 
value TO and control the number of pulses of the pulse 
xplsO output by the pulse train generating unit 21a. 

25 Then, the number of pulses of the pulse xplsl, 
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which is generated and output by the pulse train 
generating units 21b, is computed in accordance with the 
difference setting values prdld and numld, the seting 
values prdO and numO of the laser light source LDO and 
5 the phase unit previously retained in the register 24 so 
at to control the number of pulses of the pulse xplsl 
output by the pulse train generating unit 21b. 

Therefore, an operation of an operator to 
input the setting values prdO , prdl , numO and numl can 

10 be omitted, and it is possible to easily correct the 
write magnification difference, which is caused by a 
difference in wavelength between more than two laser 
light sources (laser light sources LDO and LD1) . 
Moreover, even in a case where a write error of the 

15 laser light sources occurs due to an environmental 
fluctuation with time such as a temperature change 
during operation of the image forming apparatus, the 
correction of the write error can be performed on an 
individual scan line basis, which enables formation of 

20 an accurate image. 

Moreover, the laser beam of only one of the 
laser light sources (laser light source LDO) is detected 
by the front-end synchronization detection unit 16 and 
the rear-end synchronization detection unit 17 so as to 

25 correct the write error, and write errors of other laser 
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light sources are corrected according to program 
processing using the difference setting values 
previously retained in the register 24. Therefore, only 
one scan time measuring unit is provided (that is, there 
5 is no need to provide a number of scan time measuring 

units corresponding to a number of laser light sources) , 
which achieves an easy . correcting process of write 
errors . 

10 (Fifth Embodiment) 

If a phase change of the pixel clock is 
repeatedly performed at the same position in the main- 
scanning direction, there may occur a case in which a 
highly visible pattern such as a line extending in the 

15 longitudinal direction (sub-scanning direction) is 
formed in an output image (final image) . The image 
forming apparatus according to the fifth embodiment of 
the present invention prevents formation of the above- 
mentioned highly visible pattern by varying the position 

20 in the main-scanning direction at which the phase change 
of the pixel clock is performed. 

A description will now be given, with 
reference to FIG. 23, of a structure of the image 
forming apparatus according to the fifth embodiment of 

25 the present invention. FIG. 23 is a block diagram of 
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th e image forming apparatus according to the fifth 
embodiment of the present invention. It should be noted 
that the structure and operation of the image forming 
apparatus according to the present embodiment are the 
5 same as that of the image forming apparatus according to 
the first embodiment except for the parts . specif ically 
described below. 

As shown in FIG .. 23, the image forming 
apparatus comprises an optical scanning apparatus 10, a 

10 data control apparatus 20, a CPU 30, a printer 

controller 40, and an operation unit 50. It should be 
noted that the structure of the image forming apparatus 
shown in FIG. 23 is simplified, and the image forming 
apparatus may have structural parts other than the parts 

15 shown in FIG. 23. 

The optical scanning apparatus 10 uses laser 
beams to form an image, and comprises a photoconductor 
11 serving as a medium to be scanned, an f9 lens 12, a 
polygon mirror 13 serving as rotational deflection means, 

20 laser light source drivers 14a and 14b, a 

synchronization detection unit 15 as synchronization 
detection means, and laser light sources LD0 and LD1 . 

The data control apparatus 20 outputs an image 
signal for controlling the laser light source drivers 

25 14a and 14b so as to control a laser beam write 
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operation performed by the optical scanning apparatus 10. 
The data control apparatus 20 comprises, pulse train 
generating units 21a and 21b serving as phase control 
means, clock generating units 22a and 22b serving as 
5 pixel clock generation means, an image data processing 
unit 23 , a register 24 , and shift generating units 26a 
and 26b. 

The CPU 30 is a microcomputer comprising a 
central processing unit, a program ROM , etc., and 

10 generally controls an engine unit (a main part of the 

image forming apparatus) including the optical scanning 
apparatus 10 and the data control apparatus 20. The CPU 
30 outputs information input from the operation unit 15, 
and sets the information in the register 24. The CPU 30 

15 serves as scan time comparison means and setting value 
computation means . 

The printer controller 40 sends image data of 
a page unit to the image data processing unit 23 for 
each line (one scan line) as an image signal (video 

20 signal) 

The register 24 according to the present 
embodiment retains initial shift setting values osftO 
and osftl, which are previously set by the CPU 30. 

Additionally, the image forming apparatus 
25 according to the present embodiment has the shift 
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generating units 26a and 26b in addition to the 
structure of the image forming apparatus according to 
the first embodiment of the present invention. The 
shift generating units 26a and 26b generate shift 
5 signals sftO and sftl by using the above-mentioned 
initial shift setting values osftO and osftl for 
changing positions of the phase change of the pixel 
clocks clkwO and clkwl, respectively.,, and outputs the 
shift signals sftO and sftl to the respective pulse 

10 train generating units 21a and 21b. 

A description will now be given, with 
reference to FIG. 24, of a structure and an operation of 
the shift generating units 26a and 2 6b according to the 
fifth embodiment of the present invention. FIG. 24 is a 

15 block diagram of the shift generating units 26a and 26b 
according to the fifth embodiment of the present 
invention . 

The shift generating unit 26a comprises a 
counter 301 and a computing unit 302. The counter 301 

20 counts up or increments (+1) a count value p each time 
the clear signal xlclrO is supplied from the clock 
generating unit 22a. That is, the counter 301 counts a 
number of lines extending in the sub-scanning direction 
(number of times of the main scanning) , and outputs the 

25 count value p. The computing unit 302 computes the 
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shift signal sftO by applying an arithmetic process to 
the initial shift signal (initial shift setting value) 
sftO supplied from the register 24 in accordance with 
the count value p supplied by the counter 301, and 
5 outputs the shift signal sftO to the pulse generating 
unit 21a. 

The shift generating unit 26b comprises a 
counter 311 and a computing unit 312. The- counter 311 
counts up or increments (+1) a count value q each time 

10 the clear signal xlclrl is supplied from the clock 

generating unit 22b. That is, the counter 311 counts a 
number of lines extending in the sub-scanning direction 
(number of times of the main scanning) , and outputs the 
count value q. The computing unit 302 computes the 

15 shift signal sftl by applying an arithmetic process to 
the initial shift signal (initial shift setting value) 
sftl supplied from the register 24 in accordance with 
the count value q supplied by the counter 311, and 
outputs the shift signal sftl to the pulse generating 

20 unit 21b. 

A description will now be given, with 
reference to FIG. 25, of a structure and an operation of 
the pulse train generating units 21a and 21b according 
to the fifth embodiment of the present invention. FIG. 
25 25 is a block diagram of the pulse train generating 



units 21a and 21b according to the fifth embodiment of 
the present invention. It should be noted that the 
structure and the operation of the pulse train 
generating units 21a and 21b according to the present 
5 embodiment are the same as that of the first embodiment 
except for the parts specifically described below. 

The pulse train generating unit 21a comprises 
comparators 101 and 102, counters 103. and 104, and AND 
circuits 105 and 106. The pulse train generating unit 

10 21b comprises comparators 111 and 112, counters 113 and 
114, and AND circuits 115 and 116. 

The present embodiment differs from the first 
embodiment in that the shift signals sftO and sftl are 
input to the counters 103 and 113 from the shift 

15 generating units 26a and 26b, respectively. The output 
timings of the external pulse trains xplsO and xplsl 
from the pulse train generating units 21a and 21b are 
shifted (delayed) by the shifts values SFTO and SFT1 , 
respectively, by the counters 103 and 113 delaying a 

20 start of the counting operation on the pixel clocks 

clkwO and clkwl by shift values SFTO and SFT1, which are 
indicated by the input shift signals sftO and sftl, 
respectively . 

A description will be given below, of a 

25 shifting operation on the external pulse trains xplsO 
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and xplsl. Here, it is supposed that there is the 
following relationship between the interval of xlclrO, 
the interval prdO of generation of the pulse xplsO, the 
number numO of the pluses of the pulse xplsO and the 
amount of shift (here, indicated by "SFTO") indicated by 
the shift signal sftO. 

Interval of xlclrO > prdO X xnumO + SFTO 
Accordingly, the amount of shift SFTO is smaller than 
(xlclrO interval - prdO x numO) . If a process of 
shifting the external pulse train xplsO for each line 
(one scan line) is performed, and produce a pattern in 
which the process of shifting is repeated four times and 
then return to the original external pulse train xplsO, 
the CPU 30 sets the initial shift setting value osftO in 
the shift register 24 as data (xlclrO interval - 
prdOXnumO) x 1/4. 

The computing unit 302 outputs the shift 
signal sftO each time the counter 301 counts up the 
count value p (+1) . In this example, a product of the 
count value p and the initial setting value osftO is 
computed each time the count up occurs . 

FIG. 26 is a time chart showing a shift of the 
external pulse train xplsO in a case where the initial 
shift setting value osftO is set to (xlclrO interval - 
prdOXnumO) X 1/4 in the fifth embodiment of the present 
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invention. As shown in FIG. 26 , osftO is output as the 
shift signal sftO for a first count-up (p=l) , twice the 
value of osftO is output as the shift signal sftO for a 
second count-up (p=2) , thee times the value of osftO is 
5 output as the shift signal sftO for a third count-up 
(p=3) , and four times the value of osftO is output as 
the shift signal sftO for a fourth count-up (p=4) . Then, 
if the count value p supplied from the counter 301 
becomes equal to "5" , that is, if the product of the 

10 count value p and osftO exceeds (xlclr interval - 
prdOXnumO) , the count value of the counter 301 is 
cleared (reset) to "0" , and, thus, the amount of shift 
indicated by the shift signal sftO is set to "0" so as 
to repeat the above-mentioned operation. 

15 Thus, the pulse train generating unit 21a can 

sequentially output the external pulse train xplsO of 
which phase is shifted by the value of the shift signal 
sftO for each line. 

The case where the initial shift setting value 

20 osftO is set to (xlclrO interval - prdOXnumO) X 1/4 has 
been explained above. 

A description will be given below, as another 
example, of a case where the initial shift setting value 
osftO is set to (xlclrO interval - prdOXnumO) x 3/7. 

25 FIG. 27 is a time chart showing a shift of the 
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external pulse train xplsO in a case where the initial 
shift setting value osftO is set to (xlclrO interval - 
prdOXnumO) x 3/7 in the fifth embodiment of the present 
invention. As shown in FIG. 27, osftO is output as the 
5 shift signal sftO for a first count-up (p=l) , twice the 
value of osftO is output as the shift signal sftO for a 
second count-up (p=2) , thee times the value of osftO is 
output as the shift signal sftO for a third count-up 
(p=3) , and goes on. Here, when three times the value of 

10 osftO (osftOX3) is set to (xlclrO interval - prdOXnumO) 
X 9/7, it exceeds (xlclr interval - prdOXnumO) . In this 
case, since the count value p of the counter 301 is 
cleared (reset) to "0" when the value of osftO X n 
exceeds (xlclr interval - prdOXnumO) , the amount of 

15 shift indicated by the shift signal sftO is set to 

(xlclrO interval - prdOXnumO) X 2/7 so as to continue 
the shifting operation. 

As mentioned above, the count value p of the 
counter 301 is cleared to "0" when (xlclrO interval - 

20 prdOXnumO) exceeds (or matches) the value of the product 
of the count value p and the initial shift setting value 
osftO. Thus, when the initial shift setting value osftO 
is set to (xlclrO interval - prdOXnumO) x 3/7, the shift 
value is sequentially set to the following values: 

25 (xlclrO interval - prdOXnumO) X 3/7 (p=l) ; 
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the value is cleared to "0" . 

As mentioned above, if the initial shift 
setting value osftO is set to (xlclrO interval - 

10 prdOXnumO) x A/B (A and B are prime numbers) , the pulse 
generating timing of the external pulse train returns to 
the original generating timing (p=0 or q=0) when the 
count value p (or q) becomes equal to B. Therefore, as 
the denominator "B" is set to a larger number, the 

15 number of lines in the sub-scanning direction after the 
shift is started and until the shift is returned to the 
pattern of the original external pulse train xplsO can 
be larger. Therefore, if a pattern formed in the output 
image due to the phase change of the pixel clock is 

20 highly visible, it can be made to invisible by setting 
the above-mentioned number "B" to a larger number by 
using the operation unit 50, thereby improving the image 
quality . 

Although the image forming apparatus according 
25 to the present embodiment uses the two laser light beams 
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LDO and LD1 , the number of laser light sources is not 
limited to two and U laser light sources (U is an 
integer greater than 2) may be used. In such as case, 
the shift generating unit for generating the shift value 
5 is provided for each laser light source so as to shift 
the output timing of the external pulse train for 
changing the phase of the laser beam of each laser light 
source. Additionally, the register 24. retains the 
initial shift setting value for each laser light source. 

10 Moreover, although the present embodiment 

corresponds to the image forming apparatus according to 
the first embodiment, which is provided with an 
additional function (structure) of shifting the output 
timing of the external pulse train, such a function 

15 (structure) may be provided to the image forming 

apparatus according to the second embodiment or the 
fourth embodiment. 

In the present embodiment, the image forming 
apparatus can shift the timing to perform the phase 

20 change of the laser beam of each laser light source for 
each scan of the laser beam so as to vary the timing, 
and, thus, the write magnification correction is more 
effective in a case of a plurality of lines. That is, 
formation of a pattern such as a highly visible line in 

25 an output image (side effects which are highly visible 
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in the output image) can be positively prevented. 
Therefore, an image design can be. performed more in real 
size, and it becomes possible to further improve an 
image quality. 

5 

(Sixth Embodiment) 

In the image forming apparatus according to 
the first embodiment of the "present invention, the 
interval prdO and prdl of generation of the pulses of 

10 the external pulse trains and the number numO and numl 
of the pulses of the external pulse trains are set over 
an entire main-scanning line. On the other hand, in an 
image forming apparatus according to a sixth embodiment 
of the present embodiment, 1 main-scanning line is 

15 divided into a plurality of sections so that an interval 
of generation of pulses and a number of pulses of the 
external pulse train are set on an individual section 
basis . 

A description will now be given, with 
20 reference to FIG. 28, of a structure of the image 

forming apparatus according to the sixth embodiment of 
the present invention. FIG. 28 is a block diagram of 
the image forming apparatus according to the sixth 
embodiment of the present invention. It should be noted 
25 that the structure and operation of the image forming 
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apparatus according to the present embodiment are the 
same as that of the image forming apparatus according to 
the first embodiment except for the parts specifically 
described below. 
5 As shown in FIG. 28, the image forming 

apparatus comprises an optical scanning apparatus 10, a. 
data control apparatus 20, a CPU 30, a printer 
controller 40, and an operation unit 50. It should be 
noted that the structure of the image forming apparatus 

10 shown in FIG. 28 is simplified, and the image forming 

apparatus may have structural parts other than the parts 
shown in FIG. 28. 

The optical scanning apparatus 10 uses laser 
beams to form an image, and comprises a photoconductor 

15 11 serving as a medium to be scanned, an f8 lens 12, a 

polygon mirror 13 serving as rotational deflection means, 
laser light source drivers 14a and 14b, a 
synchronization detection . unit 15 as synchronization 
detection means, and laser light sources LD0 and LD1 . 

20 The data control apparatus 20 outputs an image 

signal for controlling the laser light source drivers 
14a and 14b so as to control a laser beam write 
operation performed by the optical scanning apparatus 10. 
The data control apparatus 20 comprises pulse train 

25 generating units 21a and 21b serving as phase control 
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means, clock generating units 22a and 22b serving as 
pixel clock generation means, an image data processing 
unit 23, a register 24, and shift generating units 26a 
and 2 6b. 

5 FIG. 29 is a circuit diagram of the pulse 

train generating unit 21a according to the sixth 
embodiment of the present invention. FIG. 30 is a 
circuit diagram of the pulse train generating unit 21b 
according to the sixth embodiment of the present 

10 invention. The structures and operations of the pulse 

train generating unit 21a and the pulse train generating 
unit 21b are the same with each other, and hear the 
structure and operation of the pulse train generating 
unit 21a will be described below with reference to FIG. 

15 29 . 

The pulse train generating unit 21a shown in 
FIG. 29 comprises a counter 401; L comparators 402-1, 

402- 2, 402- (L-l), and 402-L; L circuit groups 403-1, 

403- 2, 403- (L-l), and 403^L; and an OR-circuit 404. 
20 The counter 401 receives the clear signal xlclrO 

generated from the synchronization detection signal detp 
by the clock generating unit 22a, counts the number of 
the pixel clocks clkwO on the basis of the input time, 
and outputs a count value kO . The count value kO is 
25 used so as to divide 1 scanning period defined by the 
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polygon mirror 13 into a plurality of periods and to set 
each period as a divided period. 

The comparators 402-1,402-2, 402- (L-l), 

and 402-L are previously provided with start point 
5 values (a first start point value to an Lth start point 
value) of the divided periods (a first divided period to 
an Lth divided period) so as to compare the count value 
kO with the start point values, respectively, and 
outputs a corresponding one of area signals (a first 

10 area signal to an Lth area signal) when the count value 
kO reaches each of the start values. The start value of 
each of the divided periods is set according to start 
point signals (a first start point signal to an Lth 
start point signal) supplied by the CPU 30 to the 

15 respective comparators 402-1, 402-2, 402- (L-l), and 

402-L. 

For example, the comparator 402-1 compares the 
count value kO of the counter 401 with the start point 
value (first start point value) of the first divided 

20 period, and outputs the first area signal areaOl when 
the count value kO reaches the first start point value 
(startOl) . Similarly, the comparator 402-2 compares the 
count value kO of the counter 401 with the start point 
value (second start point value) of the second divided 

25 period, and outputs the second area signal area02 when 
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the count value kO reaches the second start point value 
(start02) . 

Each of the circuit groups 403-1, 403-2, . .., 
403- (L-l), and 403-L is constituted parts that same as 
5 that shown in FIG. 5 (that is, the pulse train 

generating unit 21a or 21b) , and performs an operation 
the same as the above-mentioned pulse generating 
operation explained with reference to FIG. 6. However, 
the clear signal xclrO is replaced by the area signal. 

10 Accordingly, for example, the first area signal araOl is 
input to the circuit group 403-1 instead of the clear 
signal xclrO, and the second' area signal ara02 is input 
to the circuit group 403-2 instead of the clear signal 
xclrO. Moreover, the arbitrary pulse generation 

15 interval (setting value) prdl , prd2 , prdL-1, prdL 

and pulse number (setting value) numl , num2 , numL-1, 
and numL are set to the circuit groups 403-1, 403-2, 
403- (L-l), and 403-L, respectively. When the OR circuit 
404 receives the external pulse train xplsO from any one 

20 of the circuit groups 403-1, 403-2, 403- (L-l), and 

403-L, the OR circuit 404 outputs the external pulse 
train xplsO without change. 

A description will now be given, with 
reference to FIG. 31, of an operation of the pulse train 

25 generating unit 21a haven the above-mentioned structure. 
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FIG. 31 is a flowchart of a pulse generating operation 
performed by the pulse generating unit 21a according to 
the sixth embodiment of the present invention. When a 
power is turned on, in the pulse train generating unit 
5 21a, the counter 401 resets the count value kO to "1" 

(step S601) . Thereafter, upon reception of the clear 
signal xlclrO (Yes of step S602) , the counter 401 counts 
up or increments (+1) each time the pixel clock clkwO is 
input (step S603) . Then, each time the count value kO 
10 reaches the start point values (startOl, start02, 

and . .., startOL-1 , and startOL) of the divided periods 

(steps S604-S607) , the respective comparators 402-1, 

402- 2, 402- (L-l) , and 402-L output the respective 
first to Lth area signals (areaOl, area02, area0L-l, 

15 areaOL) (steps S608-S611) . 

Each of the circuit groups 403-1, 403-2, . .., 

403- (L-l), and 403-L performs an operation the same as 
the above-mentioned pulse generating operation of the 
pulse train generating unit 21a (steps S608-S611) . 

20 In this case, since the count value kO of the 

counter 401 first reaches the start point value startl 
of the first divided period, the comparator 402-1 
outputs the area signal areaOl at that time. Then, the 
circuit group 403-1 performs the operation the same as 

25 the above-mentioned pulse generating operation by using 
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the parts (refer to FIG. 5) including the internal 
counters 103 and 104 so as to generate the external 
pulse train xplsO corresponding to the first divided 
period and output the external pulse train xplsO to the 
5 OR-circuit 404. The external pulse train xplsO is 
output via the OR-circuit 404. 

Then, since the count value kO of the counter 
401 reaches the start point value start02 of the second 
divided period, the comparator 402-2 outputs the area 

10 signal area02 at that time. Then, the circuit group 
403-2 performs an operation the same as the above- 
mentioned pulse generating operation using each part 
containing the internal counters 103 and 104 so as to 
generate the external pulse train xplsO corresponding to 

15 the second divided period and output the generated 

external pulse train xplsO to the OR circuit 404. The 
external pulse train xplsO is also output through via 
the OR-circuit 404. 

Thereafter, operations the same as the above- 

20 mentioned operation are performed until the Lth divided 
period is reached, and, finally, the external pulse 
train xplsO corresponding to the Lth divided period is 
generated by the circuit group 403-L and is output via 
the OR circuit 404. In this way, the external pulse 

25 train (the last external pulse train) XPLSO finally 
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output from the OR circuit 404 turns into a pulse train 
containing the external pulse train xplsO consisting of 
an arbitrary number of pulses in each divided period 
(area) as shown in FIG. 32. 
5 Similarly, in the pulse train generating unit 

21b, the start point values (the first to Lth start 
point values) of the divided periods (the first to Lth 
divided periods) are set beforehand to the comparators 
412-1, 412-2, . 412-(L-1), and 412-L, respectively. 

10 Then, the count value kl of the counter 411 is compared 
with the start point values, and when the count value 
reaches the start point values, the area signals (the 
first to Lth area signals) are output, respectively. 
The start point values of the divided periods are set by 

15 the start signals (the first to Lth start signals) input 
by the CPU 30 to the comparators 412-1, 412-2, 
412- (L-l) and 412-L, respectively. Similarly, a process 
of generating the external pulse train xplsl the same as 
that of the pulse generating unit 21a is performed in 

20 the pulse train generating unit 21b. 

Although the image forming apparatus according 
to the present embodiment uses two laser light sources 
LDO and LD1 to perform a scanning operation, U laser 
light sources (U is an integer greater than two) may be 

25 used to perform a scanning operation. In this case, the 
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laser light source driver, the pulse train generating 
unit and the clock generating unit are provided for each 
laser light source, and a main-scanning line of each 
laser light source is divided into a plurality of 
5 sections (areas) and a setting value is set to each of 
the divided areas so as to change the phase of the pixel 
clock of each laser light source. 

Additionally, although the image forming 
apparatus according to the present embodiment is 

10 achieved by adding the function (structure) of changing 
a phase of a pixel clock of each laser light source to 
the image forming apparatus according to the first 
embodiment by dividing the main-scanning line of the 
laser beam of each laser light source and setting the 

15 setting value for each divided area, such a function 

(structure) may be added to the image forming apparatus 
according to the second through fifth embodiments. 

As mentioned above, the pulse train generating 
units 21a and 21b are capable of performing the phase 

20 change (phase setting) of the pixel clock clkwO by using 
the final external pulse train XPLSO containing the 
external pulse train xplsO generated for each of the 
first to Lth divided periods by dividing one scan period 
by the polygon mirror 13 into the plurality of sections 

25 (first to Lth divided areas). Therefore, the image 
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forming apparatus according to the present embodiment is 
capable of performing the write magnification locally 
with respect to the pixel clocks clkwO and clkwl by 
using the respective external pulse trains xplsO and 
5 xplsl corresponding to each divided period. Thus, an 
image design of a real size can be performed and the 
image quality can be improved. 

(Seventh Embodiment) 

10 A description will now be given, with 

reference to FIG. 33, of a structure of an image forming 
apparatus according to a seventh embodiment of the 
present invention. FIG. 33 is a block diagram of the 
image forming apparatus according to the seventh 

15 embodiment of the present invention. It should be noted 
that the structure and operation of the image forming 
apparatus according to the present embodiment are the 
same as that of the image forming apparatus according to 
the first embodiment except for the parts specifically 

20 described below. 

As shown in FIG. 33, the image forming 
apparatus comprises an optical scanning apparatus 10, a 
data control apparatus 20, a CPU 30, a printer 
controller 40, and an operation unit 50. It should be 

25 noted that the structure of the image forming apparatus 
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shown in FIG. 33 is simplified, and the image forming 
apparatus may have structural parts other than the parts 
shown in FIG. 33. 

The optical scanning apparatus 10 uses laser 
5 beams to form an image, and comprises a photoconductor 
11 serving as a medium to be scanned, an f9 lens 12, a 
polygon mirror 13 serving as rotational deflection means, 
laser light source drivers 14a and 14b, a 
synchronization detection unit 15 as synchronization 

10 detection means, clock generating units 22a and 22b 

serving as pixel clock generation means, and laser light 
sources LDO and LD1 . 

The data control apparatus 2 0 outputs an image 
signal for controlling the laser light source drivers 

15 14a and 14b so as to control a laser beam write 

operation performed by the optical scanning apparatus 10. 
The data control apparatus 20 comprises pulse train 
generating units 21a and 21b serving as phase control 
means, an image data processing unit 23, a register 24, 

20 and shift generating units 26a and 26b. 

The CPU 30 serves as scan time comparison 
means and setting value computation means. 

(Eighth Embodiment) 
25 A description will now be given, with 



reference to FIG. 34, of a structure of an image forming 
apparatus according to an eighth embodiment of the 
present invention. FIG. 34 is a block diagram of the 
image forming apparatus according to the eighth 
5 embodiment of the present invention. It should be noted 
that the structure and operation of the image forming 
apparatus according to the present embodiment are the 
same as that of the image forming apparatus according to 
the second embodiment except for the parts specifically 

10 described below. 

As shown in FIG. 34, the image forming 
apparatus comprises an optical scanning apparatus 10, a 
data control apparatus 20, a CPU 30, a printer 
controller 40, and an operation unit 50. It should be 

15 noted that the structure of the image forming apparatus 
shown in FIG. 34 is simplified, and the image forming 
apparatus may have structural parts other than the parts 
shown in FIG. 34. 

The optical scanning apparatus 10 uses laser 

20 beams to form an image, and comprises a photoconductor 
11 serving as a medium to be scanned, an f9 lens 12, a 
polygon mirror 13 serving as rotational deflection means, 
laser light source drivers 14a and 14b, a 
synchronization detection unit 15 serving as 

25 synchronization detection means, a front-end 
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synchronization detection unit 16 and a rear-end 
synchronization detection unit 17 both serving as 
synchronization detection means, clock generating units 
22a and 22b serving as pixel clock generation means, and 
5 laser light sources LDO and LD1 . 

The data control, apparatus 20 outputs an image 
signal for controlling the laser light source drivers 
14a and 14b so as to control a laser beam write 
operation performed by the optical scanning apparatus 10. 

10 The data control apparatus 20 comprises pulse train 

generating units 21a and 21b serving as phase control 
means, an image data processing unit 23, a register 24, 
and scan time measuring units 25a and 25b serving as 
scan time measuring means . 

15 The CPU 30 serves as scan time comparison 

means and setting value computation means. 



(Ninth Embodiment) 

A description will now be given, with 
20 reference to FIG. 35, of a structure of an image forming 
apparatus according to a ninth embodiment of the present 
invention. FIG. 35 is a block diagram of the image 
forming apparatus according to the ninth embodiment of 
the present invention. It should be noted that the 
25 structure and operation of the image forming apparatus 
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according to the present embodiment are the same as that 
of the image forming apparatus according to the third 
embodiment except for the parts specifically described 
below . 

5 As shown in FIG. 35, the image forming 

apparatus comprises an optical scanning apparatus 10, a 
data control apparatus 2Q , a CPU 30 , a printer 
controller 40, and an operation unit 50. It should be 
noted that the structure of the image forming apparatus 

10 shown in FIG. 35 is simplified, and the image forming 

apparatus may have structural parts other than the parts 
shown in FIG. 35. 

The optical scanning apparatus 10 uses laser 
beams to form an image, and comprises a photoconductor 

15 11 serving as a medium to be scanned, an f0 lens 12, a 

polygon mirror 13 serving as rotational deflection means, 
laser light source drivers 14a and 14b, a 
synchronization detection unit 15 as synchronization 
detection means, clock generating units 22a and 22b 

20 serving as pixel clock generation means, and laser light 
sources LD0 and LD1 . 

The data control apparatus 20 outputs an image 
signal for controlling the laser light source drivers 
14a and 14b so as to control a laser beam write 

25 operation performed by the optical scanning apparatus 10. 
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The data control apparatus 20 comprises pulse train 
generating units 21a and 21b serving as phase control 
means, an image data processing unit 23, and a register 
24. 

5 The CPU 30 serves as scan time comparison 

means and setting value computation means. 

(Tenth Embodiment) 

A description will now be given, with 
10 reference to FIG. 36, of a structure of an image forming 
apparatus according to a tenth embodiment of the present 
invention. FIG. 36 is a block diagram of the image 
forming apparatus according to the tenth embodiment of 
the present invention. It should be noted that the 
15 structure and operation of the image forming apparatus 

according to the present embodiment are the same as that 
of the image forming apparatus according to the fourth 
embodiment except for the parts specifically described 
below. 

20 As shown in FIG. 36, the image forming 

apparatus comprises an optical scanning apparatus 10, a 
data control apparatus 20, a CPU 30, a printer 
controller 40, and an operation unit 50. It should be 
noted that the structure of the image forming apparatus 

25 shown in FIG. 36 is simplified, and the image forming 
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apparatus may have structural parts other than the parts 

shown in FIG. 36. 

The optical scanning apparatus 10 uses laser 

beams to form an image, and comprises a photoconductor 
5 11 serving as a medium to be scanned, an f9 lens 12, a 

polygon mirror 13 serving as rotational deflection means, 

laser light source drivers 14a and 14b, a front-end 

synchronization detection unit 16 and a rear-end 

synchronization detection unit 17 both serving as 
10 synchronization detection means, clock generating units 

22a and 22b serving as pixel clock generation means, and 

laser light sources LDO and LD1 . 

The data control . apparatus 20 outputs an image 

signal for controlling the laser light source drivers 
15 14a and 14b so as to control a laser beam write 

operation performed by the optical scanning apparatus L0 . 

The data control apparatus 20 comprises pulse train 

generating units 21a and 21b serving as phase control 

means, an image data processing unit 23, a register 24, 
20 and a scan time measuring unit 25a serving as scan time 

measuring' means . 

The CPU 30 serves as scan time comparison 

means and setting value computation means. 



25 



(Eleventh Embodiment) 
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A description will now be given , with 
reference to FIG. 37 , of a structure of an image forming 
apparatus according to an eleventh embodiment of the 
present invention. FIG. 37 is a block diagram of the 
5 image forming apparatus according to the eleventh 

embodiment of the present invention. It should be noted 
that the structure and operation of the image forming 
apparatus according to the present embodiment are the 
same as that of the image forming apparatus according to 

10 the fifth embodiment except for the parts specifically 
described below. 

As shown in FIG. 37, the image forming 
apparatus comprises an optical scanning apparatus 10, a 
data control apparatus 20, a CPU 30, a printer 

15 controller 40, and an operation unit 50. It should be 
noted that the structure of the image forming apparatus 
shown in FIG. 37 is simplified, and the image forming 
apparatus may have structural parts other than the parts 
shown in FIG. 37. 

20 The optical scanning apparatus 10 uses laser 

beams to form an image, and comprises a photoconductor 
11 serving as a medium to be scanned, an f9 lens 12, a 
polygon mirror 13 serving as rotational deflection means, 
laser light source drivers 14a and 14b, a 

25 synchronization detection unit 15 as synchronization 
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detection means, clock generating units 22a and 22b 
serving as pixel clock generation means, and laser light 
sources LDO and LD1 . 

The data control apparatus 20 outputs an image 
5 signal for controlling the laser light source drivers 
14a and 14b so as to control a laser beam write 
operation performed by the optical scanning apparatus 10. 
The data control apparatus 20 comprises pulse train 
generating units 21a and 21b serving as phase control 
10 means, an image data processing unit 23, a register 24, 
and shift generating units 26a and 26b. 

The CPU 30 serves as scan time comparison 
means and setting value computation means . 



15 (Twelfth Embodiment) 

A description will now be given, with 
reference to FIG. 38, of a structure of an image forming 
apparatus according to a twelfth embodiment of the 
present invention. FIG. 38 is a block diagram of the 

20 image forming apparatus according to the twelfth 

embodiment of the present invention. It should be noted 
that the structure and operation of the image forming 
apparatus according to the present embodiment are the 
same as that of the image forming apparatus according to 

25 the sixth embodiment except for the parts specifically 
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described below. 

As shown in FIG. 38, the image forming 
apparatus comprises an optical scanning apparatus 10, a 
data control apparatus 20 , a CPU 30, a printer 
5 controller 40, and an operation unit 50. It should be 
noted that the structure of the image forming apparatus 
shown in FIG. 38 is simplified, and the image forming 
apparatus may have structural parts other than the parts 
shown in FIG. 38. 

10 The optical scanning apparatus 10 uses laser 

beams to form an image, and comprises a photoconductor 
11 serving as a medium to be scanned, an fG lens 12, a 
polygon mirror 13 serving as rotational deflection means, 
laser light source drivers 14a and 14b, a 

15 synchronization detection unit 15 as synchronization 
detection means, clock generating units 22a and 22b 
serving as pixel clock generation means, and laser light 
sources LD0 and LD1 . 

The data control apparatus 20 outputs an image 

20 signal for controlling the laser light source drivers 
14a and 14b so as to control a laser beam write 
operation performed by the optical scanning apparatus 10. 
The data control apparatus 20 comprises pulse train 
generating units 21a and 21b serving as phase control 

25 means, an image data processing unit 23, and a register 
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24. 

The CPU 30 serves as scan time comparison 
means and setting value computation means. 



5 (Differences between the first through sixth 

embodiments and the seventh to twelfth embodiments) 

A description will now be given of differences 
between first through sixth embodiments and the seventh 
to twelfth embodiments. In the first through sixth 

10 embodiments, the clock generating units 22a and 22b are 
provided in the data control apparatus 20. On the other 
hand, the clock generating units 22a and 22b in the 
seventh through twelfth embodiments are provided in the 
optical scanning equipment 10. 

15 In the first through sixth embodiments, the 

clock generating unit 22a outputs the pixel clock clkwO 
and the clear signal xlclrO to the pulse train 
generating section 21a and the image data processing 
section 23. On the other hand, the clock generating 

20 unit 22a in the seventh through twelfth embodiments 

output the pixel clock clkwO and the clear signal xlclrO 
to the pulse train generating unit 21a. 

In the first through sixth embodiments, the 
clock generating unit 22b outputs the pixel clock clkwl 

25 and the clear signal xlclrl to the pulse train 
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generating unit 21b and the image data processing unit 
23. On the other hand, the clock generating section 22b 
in the seventh through twelfth embodiment output the 
pixel clock clkwl and the clear signal xlclrl to the 
5 pulse train generating unit 21b. 

In the first through sixth embodiments, the 
image data processing unit 23 outputs the image signals 
input from the printer controller 40 to the. laser light 
source drivers 14a and 14b in synchronization with the 

10 pixel clocks clkwO and clkwl from the clock generating 
units 22a and 22b. On the other hand, in the seventh 
through twelfth embodiments, the image data processing 
unit 23 outputs the image signals dataO and datal input 
from the printer controller 40 to the clock generating 

15 units 22a and 22b, respectively. The clock generating 
unit 22a outputs the input image signal dataO to the 
laser light source driver 14a in synchronization with 
the generated pixel clock clkwO . The laser light source 
driver 14a outputs a drive control signal for 

20 controlling ON/OFF of luminescence to the laser light 
source LDO according to the contents of data of the 
, picture signal dataO according to the input timing of 
the image signal dataO based on the pixel clock clkwO 
after phase change. Additionally, the clock generating 

25 unit 22b outputs the input image signal datal to the 
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laser light source driver 14b in synchronization with 
the generated pixel clock clkwl . Laser light source 
driver 14b outputs a drive control signal for 
controlling ON/OFF of luminescence to the laser light 
5 source LD1 according to the contents of data of the 

image signal datal according to the input timing of the 
image signal datal based on the pixel clock clkwl after 
phase change. 

As mentioned above, in the image forming 

10 apparatuses of the first through twelfth embodiments 

provided with two or more laser light sources, the laser 
light sources may write latent images of the toner 
images in the same color or write latent images in 
different colors such as yellow, magenta, cyan and black. 

15 Moreover, the image forming apparatuses 

performs: a process of data writing; a process of data 
reading; a process of computing a number of pulses to be 
increased or decreased in accordance with a time period 
from a time when one synchronization detection means 

20 detects a laser beam to a time when another 

synchronization detection means detects the laser beam; 
a process of computing setting values of the laser light 
sources by adding the difference setting values to the 
setting values of one of the laser light sources that 

25 are input or computed; and a process of determining 
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whether or not the measured values of the laser light 
sources are supplied. Although the above-mentioned 
processes are performed by a computer program (CPU 30) 
installed in the image forming apparatus, such a program 
5 may be recorded on a recording medium such as an optical 
recording medium, a magnetic recording medium, a 
magneto-optical recording medium or a semiconductor, and 
loaded to the image forming apparatus from the recording 
medium, or such a program may e downloaded to the image 

10 forming apparatus from an external apparatus which is 
connected to the image forming apparatus through a 
network such as a local area network or the Internet. 

The present invention is not limited to the 
specifically disclosed embodiments, and variations and 

15 modifications may be made without departing from the 
scope of the present invention. 

The present application is based on Japanese 
priority application No. 2003-54717 filed February 28, 
2003, the entire contents of which are hereby 

20 incorporated by reference. 



